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CHAPTER 1 
INTRODUCTION 
Plants have the ability to synthesize a great variety of chemical compounds, which 
are used regarding different purposes such as to regulate biological functions, to 
defend against attack from predators and to use for fabrications and various other 
useful purposes. These plants also produce secondary metabolites such as phenols, 
alkaloids, terpenoids, flavanoids, etc., which did not take part directly in the primary 
metabolism of plants. These metabolites have the capacity to cure various diseases 
of human beings. Among the plant secondary metabolites, the alkaloids have great 
medicinal importance and are utilized in preparations of various pharmaceuticals 
and drugs, to be used for healing and curing various kinds of human ailments. 
Among all the plant species reported in India, around 2500 plants have been 
observed to be used ethically (Jain, 1991), while 3000 plants have been listed in the 
medicinal category (Asolkar et al, 1992). Approximately, 80 per cent of the world's 
population has been reported to be dependent on plants for the traditional and herbal 
medicines (WHO, 1998). Among the drugs, currently available in market, approx 25 
to 50% are derived from plant or their products, and show the lesser side-effects than 
synthetic drugs (Upadhyay, 2011). Due the fact that synthetic drugs have more side 
effects, natural products are now increasingly being preferred. 
A number of plant species have been identified based on the secondary 
products, which have got recognition for medical significance. Amongst them, 
Madagascar periwinkle [Catharanthus roseus (L.) G. Don], earlier called as Vinca 
rosea L., is an important herb that belongs to the family Apocynaceae. It contains 
large number of alkaloids distributed in all of its parts in different concentrations; 
but maximum alkaloids are contained in root-bark, which ranges from 0.15 to 1.34% 
and even up to 1.79% in some strains (Singh and Jagdev, 1996). The plant contains 
about 130 indole-group alkaloids, out of which 25 are dimeric in nature, which 
provide the essential components required to cure the mortal diseases like Hodgkin's 
disease, Wilkins's tumor, neuroblastoma and sarcoma of reticulum cells. Of the C 
roseus alkaloids, there are two highly significant dimeric terpenoid indole (TIAs) 
alkaloids, named as Vincristine and Vinblastine (Fig. 1), which have been reported 
in the leaves of periwinkle (Magnotta, 2006). In the clinical treatment, these 
alkaloids act as antineoplastic agents (Van Tellingen et al., 1992; Keglevich et al., 
2012). 
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Fig. 1.Structural formulae of Vincristine and Vinblastine alkaloids 
These Vinca alkaloids are considered as the first therapeutic agents to treat 
the cancer (Sottomayor and Ros Barcelo, 2005). Vincristine binds to tubulin dimers 
and thus, inhibits the assembly of microtubules (mitotic spindle) at mitotic 
metaphase stage in the cancer cell, inhibiting tumour formation (Jordan et al., 1991). 
Vincristine arrests the division in cancer cells very effectively and is useful for 
treating acute leukaemia in children and chronic lymphocytic leukaemia in adults. 
Vinblastine is another anti-microtubule alkaloid found in periwinkle leaves that 
is used to treat certain kinds of cancer, including Hodgkin's lymphoma, non-small 
cell lung cancer, breast cancer, head and neck cancer and testicular cancer. It is also 
used to treat Langerhans cell histiocytosis. Microtubule-disruptive drugs, such as 
Vinblastine, have been reported to act by two mechanisms (1) at very low 
concentrations, they suppress microtubule dynamics and (2) at higher concentrations 
they reduce microtubule polymer mass (Jordan and Leslie, 2004). 
These alkaloids (Vincristine and Vinblastine) are extracted commercially 
from large biomass of Catharanthus roseus plants, since the intact plant contains 
very low concentrations in shoots. According to an estimate, approximately, half a 
ton of dry leaf powder is required to obtain 1 gram of vinblastine (Noble, 1990). 
Great efforts have been made to produce these alkaloids at large scale by cultures of 
plant cell suspensions and diverse tissues, such as hairy roots (Oksman-Caldentey 
and Inze, 2004). However, it was found that C. roseus cell cultures lacked the part of 
biosynthesis pathway of Vindoline and, hence, failed to synthesize these valuable 
and complex compounds for the commercial use (Zhao and Verpoorte, 2007). 
Consequently, the research hotspots shifted from biochemical engineering of the 
process to the regulation of the biosynthetic pathway. 
The role of plant growth regulators (PGRs) in regulation of biosynthesis of 
C. roseus indole alkaloids has been extensively researched (Decendit et al, 1992; 
Pasquali et al., 1992; El-Sayed and Verpoorte, 2007a,b; Zhao and Verpoorte, 2007; 
Roytrakul and Verpoorte, 2007). PGRs, such as methyl jasmonate (MeJA), abscisic 
acid (ABA), salicyHc acid (SA), ethylene (Ethephon) and gibberellic acid (GA3), are 
considered as potent elicitors of plant defense responses. Among the most common 
and effective elicitors, used for stimulating secondary metabolite production in plant 
tissue cultures, are the carbohydrate fractions of fungal and plant cell walls, MeJA, 
natural polysaccharides (such as sodium alginate, carrageenan and chitosan) and 
heavy metal salts (Dicosmo and Misawa, 1995).The role of jasmonates (jasmonic 
acid and its derivatives such as MeJA) in activating the expression of genes (Farmer 
and Ryan, 1990; Gundlach et al, 1992; Ellard-Ivey and Douglas, 1996; Menke et al., 
1999; van der Fits and Memelink, 2000) and the accumulation of phytoalexins and 
other secondary metabolites has been confirmed in various plant systems (Gundlach 
et al., 1992) including C. roseus (Aerts et al., 1994; Gantet et al, 1998; Lee-Parsons 
et al., 2004). 
Sodium alginate is linear chain of polysaccharide. Its depolymerised form 
has been recognized as a kind of growth elicitors. Sodium alginate is obtained from 
marine brown algae such as kelp {Sargassum muticum), which carry itas a structural 
component of the cell wall (Haug, 1964). Sodium alginate is composed of two basic 
monomer units (1) (3-D-mannuronic acid (M) (C-5 epimer) and (2) a-L-gluronic acid 
(G). These monomers of sodium alginate are bound with 1-^4 linkages and are 
arranged in varying proportions and sequences in the polysaccharide chain. Below is 
given the structure of sodium alginate and its oligomeric and monomeric forms after 
irradiation with Co-60 generated gamma rays at low and high radiation doses 
(Fig. 2). 
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Fig. 2. Structure of sodium alginate and its oligomeric and monomeric forms after 
irradiation with Co-60 generated gamma rays at low and high radiation doses. 
Sodium alginate can be made functionally active by treating with cobalt-60 
gamma-rays irradiation (Nagasawa et al., 2000; Lee et al, 2003); gamma-rays 
irradiation degrades the natural linear polysaccharide into smaller oligomers, which 
have relatively low molecular weight (Jiang et al, 2005; Hegazy et al, 2009). The 
oligomers, obtained from radiolytically degraded sodium alginate, have valid 
applications in the field of agriculture, as plant growth promoter/elicitor (Hien et al., 
2000; Kume et al, 2002). The degraded polysaccharide (oligomers), when used as 
foliar spray treatments, could act as growth promoter/elicitor due to its influence on 
biological and physiological activities of plants (Kume, 2006; Mollah et al., 
2009; Khan et al, 2011; Aftab et al, 2011;Idrees et al., 2011; Sarfaraz et al., 
2011; Naeem et al., 2012). ISA is reported to enhance the rate of seed germination 
(Hien et al, 2000), shoot growth (Hien et al., 2000) and root elongation (Iwasaki and 
Matsubara, 2000); it also enhanced the yield output of various economically 
important plants (Srivastava and Srivastava, 2007; Naeem et al., 2012). Besides, the 
application of irradiated sodium alginate (ISA) has been reported to improve 
significantly the morphological traits and physiological performance of plants, 
namely, photosynthetic activity, amelioration of heavy metal stress, phytoalexin 
production and regulation of antioxidant system (Kume et al., 2002; Luan et al., 
2003; Hu et al., 2004). The ISA, which acted as elicitor, enhanced the production of 
alkaloids in opium poppy and essential oil production in fennel and lemongrass 
(Idrees et al, 2011; Idrees et al, 2012; Khan et al, 2011; Sarfaraz et al., 2011). 
The role of jasmonates (jasmonic acid and its derivatives such as MeJA) in 
activating the expression of genes (Farmer and Ryan, 1990; Gundlach et al, 1992; 
EUard-Ivey and Douglas, 1996; Menke et al, 1999; van der Fits and Memelink, 
2000) and, as a result, the accumulation of phytoalexins and other secondary 
metabolites in the leaves has been confirmed in various plant systems (Gundlach et 
al., 1992), including C. roseus (Aerts et al., 1994; Gantet et al, 1998; Lee-Parsons et 
al., 2004). Factually, the MeJA is known to affect the physiological and biological 
processes of plants; it is produced endogenously in response to herbivory or other 
types of mechanical stresses (Farmer & Ryan, 1992; Rahman, 2014). In addition, 
MeJA played an important role in the regulation of root growth, flowering, fruit 
ripening, seed germination and senescence (Creelman and Mullet, 1997). It 
enhanced anthocyanin accumulation in soybean seedling (Franceschi et al., 1991), 
peach shoots (Saniewski et al., 1998) and apple fruits (Kondo et al., 2001). Also, it 
helps in strawberry ripening (Perez et al., 1997), increased P-carotene accumulation 
in ripening tomatoes (Saniewski et al., 1983), and augmented the synthesis of 
alkaloids, terpenoids and phenolics in Nicotiana species, Hyoscyamus muticus, 
Norway spruce stems and sweet basil (Singh et al., 1998; Keinanen et al., 2001; 
Martin et al, 2002; Kim et al, 2006). The structure of methyl jasmonate is given 
below (Fig. 3). 
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Fig 2».Structure of methyl jasmonate 
The present experiment was aimed at exploring the role of irradiated sodium 
alginate and methyl jasmonate as elicitor/promoter of growth and physiological and 
biochemical activities of C. roseus in addition to finding their role in enhancing the 
production of anficancer alkaloids of this medicinally important plant. The 
objectives of this pot culture study have been laid down under the following specific 
heads. 
1. To study the effect of foliar spray of ISA, MeJA and of their combinafion on 
growth parameters of Catharanthus roseus, viz. length of shoot and root, fresh 
and dry weight of shoot, root and leaves, leaf number, average leaf area and 
leaf area index. 
2. To evaluate the efficacy of ISA, MeJA and of their combination on leaf 
biochemical attributes of Catharanthus roseus, viz. contents of chlorophyll and 
carotenoids, activities of nitrate reductase and carbonic anhydrase and the 
contents of leaf-N, -P and -K in the leaves. 
3. To assess the effect of ISA, MeJA and of their combination on the yield and 
quality parameters of Catharanthus roseus, viz. content and yield of total leaf 
alkaloids and those of anticancer alkaloids (Vincristine and Vinblastine). 
CHAPTER 2 
REVIEW OF LITERATURE 
This chapter comprises the general description of Catharanthus roseus L. Don. In 
addition, a brief description of the two plant growth elicitors, viz. irradiated sodium 
alginate and methyl jasmonate is, also presented. Moreover, the following 
paragraphs also describe the various strategies used to enhance the overall growth, 
physiology and production of anti-cancer alkaloids oi Catharanthus roseus plant. 
General description of periwinkle {Catharanthus roseus L.) 
Periwinkle [Catharanthus roseus (L.) G. Don.] is a renowned medicinal plant. It is 
native of Madagascar, belonging to family Apocynaceae. It requires proper coverage 
of sunlight, well-drained and sandy loam soil, tropical or subtropical climate and 
rainfall of about 100 cm per annum. Earlier, it was grown as wild plant, mostly in 
hot regions, but now it grows luxuriantly under a great variety of climatic conditions 
and different soil compositions. It can't tolerate highly alkaline or water-logged 
condition. The plant is commonly grown in gardens because of its fabulous 
flowering. It blooms throughout the year, hence it is locally called as SADABHAR 
(blooming throughout the year). It is propagated by seeds or stem cuttings. Its roots 
penetrate into the soil, reaching up to the depth of 15-25 cm, and then develop lateral 
rootlets after 150 days of sowing. The crop is fully matured in a year and ready to 
harvest. During this period, two leaf stripping are obtained, viz. after six months and 
nine months (Purohit and Vyas, 2004). Final leaf stripping is obtained at twelve 
months, when the whole plant is harvested. 
The name of Catharanthus roseus L. Don (Fig. 4) was assigned by George 
Don and its taxonomy was explained in the year of 1956 (Kohlmunzer, 1968; Gupta, 
1977). It is an erect perennial branched herb and grows up to the height of 90 cm. 
Leaves are simple, opposite oblong-elliptic with acute rounded apex, glossy, dark 
shining and petiolate. The inflorescence is racemose; the flower is bom in axil of 
leaf The flower colour is rose-purple or white with a rose-purple spot in the center; 
petals are five in number; fruit is follicle cylindrical, narrow, hairy, 2-3 cm long. 
Seeds are numerous, tiny blackish-brown in colour. 
Fig. A.Catharanthus roseus (L.) G. Don. 
Systematic position oiCathamnthus roseus 
According to Bentham and Hooker (1862) system of classification, the 
Catharanthus rosem L. G. Don occupies the following systematic position. 
Kingdom Plantae 
Division Magnoliophyta 
Class Magnoliopsida 
Order Gentianales 
Family Apocynaceae 
Genus Catharanthus 
Species roseus 
Secondary metabolites and alkaloids 
Catharanthus roseus is a rich source of pharmaceutically valuable alkaloids found 
in all parts of the plant. The alkaloid contents of C. roseus varies considerably in 
different regions. Maximum alkaloids contents are found in the root bark, ranging 
from 0.15 to 1.34%; sometimes the contents reach up to 1.79% in some strains 
(Singh et al., 1992). The plant contains about 130 indole alkaloids, out of which 25 
are dimeric in nature. Beside alkaloids, many other secondary metabolites have been 
reported and isolated from C. roseus, which include steroids (catasteron and 
brassinolides), monoterpenoids, glucosides (loganin, secologanin, deoxyloganin and 
dehydrologanin), phenolics, flavonoids and anthocyanins. The flower contains 
petunidin, malvidin, hirsutidin, kaempferol and quercetin. Root bark contains a 
phenolic resin (2%) known as d-camphor. The seed contains 31.5%) of fatty oil with 
the following fatty acid composition: Laurie acid, 0.2%); myristic, 1.0%; palmitic, 
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1.4%; stearic 6.8%; arachidic, 1.3%; behenic; 0.6%, oleic, 73.6% and linoleic, 
15.1% (The Wealth of India, 1992). 
Biosynthesis of Catharanthus alkaloids was first studied at the end of 1950s 
(Moreno et al., 1995). The study was made by growing the plants in an atmosphere 
containing radioactive ' CO2. After the extraction of these alkaloids, many labeled 
alkaloids were detected by using column chromatography, paper chromatography 
and high performance liquid chromatography. 
Catharanthus alkaloids used as medicine 
C. roseus has been used to combat various kinds of ailments since the ancient times. 
It has been used as folk remedy for diabetes in the Europe for centuries. In India, 
juice from its leaves was used to treat wasp stings. In Hawaii, the plant was boiled to 
make a poultice to stop bleeding. In China, it was used as an astringent, diuretic and 
coughs remedy. In central and south America, it was used as a homemade cold 
remedy to ease inflammation. Throughout the Caribbean, an extract from its flowers 
was used to manufacture eye-drops in order to treat eye irritation and infections. It 
also had a reputation as magic plant, as Europeans thought it could ward off evil 
spirits. The French referred to it as "Violet of the Sorcerers." Western researchers 
finally noticed the plant in 1950's, when Jamaican consumed its tea (decoction) to 
treat diabetes. They discovered that the plant contains a mother lode of about 130 
useful alkaloids. Some of the alkaloids of C. roseus, such as catharanthine, 
leurosine, lochnerine, tetrahydroalstonine, vindoline and vindolinine, lower the 
blood sugar level; while others act as agents of haemostatics (arrest bleeding). Two 
very importantleaf alkaloids of C. roseus, Vincristine and Vinblastine, have potent 
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anti-cancerous properties. Periwinkle also contains the alkaloids reserpine and 
serpentine, which are powerful tranquilizers. 
Approaches to enhance the active constituents of Catharanthus roseus. 
Researchers have tried their level best to enhance the active constituents of 
medicinal plants by using different strategies, viz. tissue culture, plant growth 
regulators (PGRs) genetic engineering, etc. 
By in vitro culture and genetic engineering. 
Catharanthus roseus is known to produce several commercial valuable secondary 
metabolites including the anti-cancerous compounds Vinblastine, Vincristine and 
anti-hypertensive alkaloids, viz. Ajmalicine and Serpentine. Efforts to synthesize 
these indole alkaloids in plant tissue cultures of C. roseus have yielded varying 
responses (Moreno et al, 1995; Stern, 2000; Gragg and Newman, 2005). The 
extremely low yield of dimeric indole alkaloids in the plant and the consequent high 
price of these anticancer alkaloids have stimulated numerous efforts to develop 
alternative strategies for their production. In tissue culture studies, the response of 
culture was influenced by a number of factors like carbon source and other inorganic 
compounds, which regulate plant alkaloid content and yield (Mujib et al., 2012). 
Recently genetic engineering has been extended to the medicinal plants in 
addition to other plants to focus on the secondary metabolite pathways and to boost 
the secondary metabolite yields of target plant species (Zarate and Yeoman, 2001; 
Verpoorte et al., 2002). It is now known that about 11 genes encoding enzymes 
involved in alkaloid biosynthesis in Catharanthus roseus, have now been cloned 
from periwinkle. Many successful genetic transformations of C. roseus plant cells, 
tissues and plants have resulted in higher yields of some interesting indole alkaloids 
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(Canel et al., 1998; Menke et al, 1999; Verpoorte et al., 2000). The biosynthesis of 
Vinblastine in C. roseus plants starts from the amino acid tryptophan and 
monoterpenoid geraniol and requires the involvement of at least 35 intermediates, 30 
enzymes, 30 biosynthetic and 2 regulatory genes as well as 7 intra- and inter-cellular 
compartments (van der Heijden et al., 2004). It was reported by several researchers 
(Bentley, 1990; Singh et al., 1991; Poulsen and Verpoorte, 1992) that tryptamine is 
formed by the enzyme tryptophan decarboxylase (TDC), while the strictosidine 
synthetase (SSS) helps in the coupling of tryptamine and secologanin to produce 
strictosidine (Madyastha and Coscia, 1979; Inouye and Uesato, 1986). 
Using plant growth regulators (PGRs) 
A PGR is an organic compound, either natural or synthetic, that modifies or controls 
one or more specific physiological processes within a plant. If the compound is 
produced within the plant it is called a plant hormone. Plant hormones or 
phytohormones are other than nutrients, which are synthesized at specific site(s); 
later, they are transported to other tissues, where, in very low concentrations, they 
evoke specific biochemical, physiological and/or morphological responses. The 
plant hormones play extremely important role in the integration of developmental 
activities. PGRs are also very much concerned with the response of plants to the 
external physical environment. The environmental factors often exert inductive 
effects on plants by evoking changes in hormonal metabolism and/or their 
distribution within the plant (Moore, 1989). Earlier, major lines of investigations led 
to the characterization of the following five groups of classical plant hormones 
(auxins, gibberellins, cytokinins, abscisic acid and ethylene). It is now superseded by 
a view that various other molecules, which play important roles in the regulation of 
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plant activities include brassinosteroids, sedicylates, jasmonates, irradiated sodium 
alginate etc. 
The role of various PGRs in alkaloid production of Catharanthus roseus has 
been extensively studied; the response varied with genetic makeup of the explant, 
type and quantity of phytohormone used (Smith et al, 1987). According to Hirata et 
al., (1990), an increase in vindoline and catharanthine alkaloids was observed with 
the application of 0.1 mg L" of BAP (Benzyl aminopurine) and 0.1 mg L' NAA 
(Naphthylacetic acid). Natthiya et al., (2012) suggested that plant tissue culture 
technique using elicitors is required to produce pharmaceutically important plant 
secondary metabolites of C. roseus, because they showed that the elicitors methyl 
jasmonate and salicylic acid could enhance the production of Stemona alkaloids in 
the Stemona sp. Culture.The study conducted by Verma et al., (2012) showed that 
half strength MS basal medium supplemented with 2, 4-D and BA (0.5mg/L+1.0 
mg/L) with 6% sucrose was the best for biomass production of leaf callus and 
enhancement of alkaloid accumulation in C. roseus. 
Sodium alginate 
Brown macro-algae (kelps) carry the main source of sodium alginate as a major 
structural component of their cell wall. Commercially, the alginate is extracted from 
seaweeds, including the giant kelp Macrocystis pyrifera, Ascophyllum nodosum, 
Sargassum sinicola, and various species of Laminaria. Structural formulae of 
alginate (alginic acid) and those of its components are given below (Figs. 6 and 7). 
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Fig. d.Structural formula of alginate: from Phillips, Wedlock and Williams: Gums 
and Stabilizers for the Food Industry 5 (1990), Oxford University Press. 
The number and sequence of the residues of Mannuronic acid (M) and Glucuronic 
acid (G) shown above vary in the naturally occurring alginate. The water molecules 
associated with the alginate molecule are not shown in the above structural formula 
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Fig. 1.Chemical structures of the components ofalginic acid 
Chemically, sodium alginate is the sodium sah of alginic acid. Its empirical 
formula is NaCeHvOe. It ranges from white to yellowish-brown, and is available in 
filamentous, granular and powdered forms. It has ability to absorb water quickly so 
much so that it is capable of absorbing water by 200-300 times of its own weight. 
Basically, sodium alginate is a polysaccharide and is composed of (1-4) linked P-D-
mannuronic acid and a-L-guluronic acid monomers. These monomers are arranged 
in three types of block structure. These blocks may be homopolymeric block (M 
block or G block) or heteropolymeric block (MG block). MG blocks are known due 
to their most flexible chain formation, while M block for its strong immuno-
stimulating property. Gel formation property of sodium alginate is due to G block, 
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which form stiff chains and are cross linked by divalent cations. The source of 
alginate determines the relative amount of block type. The monomers composition 
and its sequence govern the functional properties of sodium alginate. Gel and film 
forming properties and dietary function of alginate has made it the most demanding 
marine polysaccharide in relation to food and pharmaceutical industries. 
Radiation-processing of sodium alginate 
Radiation-processing of sodium alginate as depicted in Fig. 8, shows that 
Degradation of sodium alginate can be done by conventional techniques such as 
enzymatic degradation (Shimokawa et al., 1996), application of acid/base hydrolysis 
and radiation-induced degradation like Co-60 gamma rays using a total dose rate of 
520 kGy h"'. Degradation of sodium alginate by gamma rays turns it into low 
molecular weight oligomers (Nagasawa et al., 2000). Sodium alginate was kept in 
water for swelling over night at room temperature to obtain 4% aqueous solution. 
Then the solution was stirred for several hours until completely dissolved. The 
samples were irradiated by gamma rays from Co-60 source at 520 kilo Gray (kGy). 
Effect of irradiated sodium alginate (ISA) 
Polysaccharides are broken down to lower molecular weight oligomers when 
exposed to high energy radiation (Fig. 8). Radiation technology is much easier than 
the chemical methods applied to control the molecular weight of such oligomers. 
The polysaccharide oligomers, such as those of sodium alginate, when applied to 
plants in the form of foliar sprays, elicited various kinds of biological and 
physiological activities, including promotion of plant growth, seed germination, 
shoot elongation, root growth, flower production, alleviation of heavy metal stress, 
etc. These oligomers are also known to shorten the harvesting period of various 
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crops and may help in reducing the use of insecticides and chemical fertilizers. The 
use of degraded polysaccharides in increasing the crop productivity, enzymatic 
activities and yield of pharmaceutically important active constituents of plants in 
general and Catharanthus roseus in particular is highlighted in the following 
literature. 
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Fig ^.Radiation-processing of polysaccharides 
Tomoda et al. (1994) reported the effect of sodium alginate, depolymerized 
by treating with alginate lyase enzyme, on barley root elongation. They found that 
the depolymerised alginate had growth-promoting effect on the elongation of barley 
root, and especially that on the radicle. They observed that effective concentration of 
depolymerised alginate for elongation of roots was 100-300 |ig mL"', with no growth 
inhibition even at the highest concentration. When a radical was brought into contact 
18 
with depolymerised alginate, it responded by initiating elongation within 2 to 
4 hours. They noted that the elongation rate increased from 2.9 to 5.3 mm h"'. They 
also observed a 2-3 fold increase in the alcohol dehydrogenase activity in treated 
plants, undergoing hypoxic conditions. 
Naotsugu et al. (1998) carried out the analyses of UV and ESR spectra, 
making measurements regarding the molecular weight of irradiated alginate. They 
observed that for all irradiation conditions the degradation of alginate due to 
irradiation mainly occurred at glycoside linkage by. They found that alginate (150 
mg L"') irradiated at 90 kGy dose was most effective as plant-growth promoter for 
barley. 
Akimoto et al. (1999) studied the effects of alginate oligomers on the 
physiological activities of plant cells. They tested various concentrations of alginate 
oligomers (AO), chitosan oligomers (CO) and those of oligogalacturonic acid 
(OGA) on the physiological activities, membrane permeability and protoplast 
formation of Catharanthus roseus L. and Wasabia japonica cells. They observed 
that AO and OGA had similar physiological effects, but the effects were quite 
different from those of CO. Since AO appeared to have similar effects to OGA, they 
concluded that alginate acted as an endogenous elicitor. According to them, the 
similarity of the effects was due to the structural similarity of AO and OAG (both 
are uronic acids). 
Iwasaki and Matsubara (2000) observed the effect of alginate 
oligosaccharides on the growth promotion of lettuce. They degraded the sodium 
alginate by alginate lyase enzyme obtained from Corynebacterium spp., purifying 
the product by an ultrafiltration membrane module. They obtained a mixture of di-
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to octa-saccharides of sodium alginate that had promoting activity towards lettuce 
root elongation at a concentration range of 200-3000 \xg U . They also examined the 
effect of the degree of polymerization of oligomers on growth promoting activity of 
sodium alginate by using each oligosaccharide fractionated by gel chromatography. 
They observed that tri-, tetra-, penta- and hexasaccharides were having growth 
promoting activity in a lettuce bioassay. 
Hien et al. (2000) investigated the effect of the irradiated alginate with a 
molecular weight less than 10"* on the growth-promotion of rice (Oryza sativa) and 
peanut {Arachis hypogea). Alginate was degraded by gamma-rays using Co-60 as 
source both in liquid state (aqueous state) and solid state (powder form). Low 
concentration of degraded alginate (obtained from 4% solution irradiated at 
100 kGy) was effective for the growth-promotion of plants and the suitable 
concentrations were ca 50 mg L'' for rice and ca 100 mg L'' for peanut. They 
observed that degraded alginate obtained from a higher dose (upto 200 kGy, 
irradiated in liquid state) showed a strong effect regarding the increase in dry matter 
of rice seedlings. They observed similar effect for alginate powder irradiated at 500 
kOy. In case of peanut, they found 60% increase in dry matter of peanut shoot than 
that of control. They also conducted field experiments on tea, carrot and cabbage to 
find out the effect of foliar sprays of degraded alginate. They observed a significant 
increase in productivity regarding ca 15-40% concerning the above crops treated 
with 20-100 mg L'" concentration of degraded alginate. 
Kume et al. (2002) studied the process of up-gradation and utilization of 
carbohydrates such as chitosan, alginate, carrageenan, and cellulose, pecfin, etc. 
regarding recycling these bio-resources and reducing the environmental pollution. 
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These carbohydrates were easily degraded by irradiation and induced various kinds 
of biological activities such as anti-microbial activity, promotion of plant growth, 
suppression of heavy metal stress, phytoalexins induction, etc. They tested plant 
growth promotion activity of degraded carbohydrates under hydroponic condition. 
According to them, the degraded alginate (4% alginate solution) irradiated at 100 
kGy or that (alginate powder) irradiated at 500 kGy had a remarkable effect on 
growth promotion of rice. 
Aoyagi et al. (2002) investigated the distribution of alginate oligomers (AO) 
in Catharanthus roseus and Wasahiajaponica cells cultured in a medium containing 
alginate oligomers. When AO conjugated with monopotassium 7-amino-l, 3-
naphthalenedisulfonate (ANDS) were used in cultured plant cells, the AO proved 
endogenous elicitor-like substances. When AO-ANDS was added at 0.5 g L"' to the 
Catharanthusroseus cell culture, it adhered to the cells as observed by fluorescence 
microscopy. Using protoplasts of C. roseus, AO-ANDS was found not only in the 
cell walls but also in the cell membrane and cytoplasm. When C. roseus was 
cultivated in the medium containing oligo-galacturonic acid, using the latter as an 
endogenous elicitor, it also entered the cell wall, cell membrane and cytoplasm of 
C.roseus cells. Similar results were also obtained with Wasahiajaponica cells. 
Luan et al. (2003) studied the effect of irradiated alginate on flower plants 
(Limonium, Lisianthus and Chrysanthemum) in tissue culture. They irradiated 
aqueous solution (4%) of alginate [molecular mass (Mw) of approx. 9.04x105 Da] at 
a gamma-dose rate of 10-200 kGy. The degraded alginate product was used to study 
its effectiveness as a growth promoter for plants in tissue culture. They reported that 
alginate irradiated at 75 kGy, with aMw of approx. 1.43x104 Da, had the highest 
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positive effect in the growth of flower of the plants used. Treatment of plants with 
irradiated alginate at concentrations of 30-200 mgL"' increased the shoot 
multiplication rate from 17.5 to 40.5% compared with the control. In plantlet 
culture, 100 mg L"' solution of irradiated alginate, used as supplementation, 
enhanced the shoot height (9.7-23.2%), root length (9.7-39.4%) and fresh biomass 
(8.1-19.4%) of the flower plants compared with that of the untreated control. 
Survival ratios of the transferred flower plantlets treated with irradiated alginate 
were almost the same as in the case of control under greenhouse conditions. 
However, better growth was attained by the treated plantlets. 
Hu et al. (2004) studied the influence of alginate-derived oligosaccharides 
(ADO) at different concentrations on the maize-seed germination. They reported the 
effect of ADO concentrations on a- and y5-amylase activities in different seed 
germination stages. Variation in a- and ^-amylase activities of day 0 seeds showed 
the identical tendency, both amylase activities reached at peaks response at 0.75% of 
ADO. Compared with the control, root growth on day 3 and 7 showed increases of 
34% and 18%, respectively, and shoot growth on day 7 showed an increase of 46%). 
In the case of protease activity, treatments with both 0.75%) and 1.50% of ADO gave 
higher activities than the control. Protease activities in 7 d old seedlings were 
remarkably higher than those in 0- and 3-day-old seedlings. The results indicated 
that the rate of seed germination was enhanced by increasing the activities of several 
enzymes beneficial for germination. 
Hu et al. (2005) studied the antibacterial activity of lyase-depolymerised 
(enzyme degraded) alginate against 19 bacterial strains. They obtained a series of 
Mannuronic acid (M-block) and Guluronic acid (G-block) fractions obtained by 
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lyase depolymerization of the alginate. They observed that fraction of mannuronic 
acid (M-block) and guluronic acid (G-block) showed antibacterial activity against 
certain tested bacteria; however, M-block fraction showed broader function spectra 
and more potent inhibition of bacterial growth than shown by G-block fractions. 
Among these fractions, the fraction with molecular weight 4.235 kDa exhibited the 
broadest spectrum of inhibition and high inhibitory activity against the bacteria 
Escherichia coli, Staphylococcus aureus and Bacillus subtilis. 
El-Rehim (2006) investigated the gel content and the swelling 
behavior of cross-linked copolymers of the polyacrylamide/sodium alginate 
(PAAm/Na-alginate) obtained by using electron beam irradiation. The addition of 
PAAm/Na-alginate copolymer in small quantities to sandy soil increased its ability 
to retain water. In addition, the growth and other responses of the faba bean 
(Viciafaba L.) plants cultivated in a soil treated with PAAm and PAAm/Na-alginate 
copolymer were investigated. The growth of the bean plant cultivated in a soil 
containing PAAm/Na-alginate was better than that cultivated in the soil treated with 
PAAm. The most significant difference between the PAAm and its alginate 
copolymer was that the latter partially underwent the radiolytic and enzymatic 
degradation to produce the oligo-alginate, which acted as a plant growth promoter. 
The growth increase in faba bean performance by using PAAm/Na-alginate 
copolymer suggested its possible use in the agriculture field as a soil conditioner, 
since it could provide the plant with water as well as oligo-alginate growth 
promoter. 
Aoyagi et al. (2006) developed the methodfor the preparation of mixed 
alginate elicitors with high activities containingexogenous elicitor (autoclaved A. 
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macleodii), endogenous elicitor (alginate oligomers or AO), andtrans-4, 5-
dihydroxy-2-cyclopenten-l-one. They observed that when various autoclaved 
microbial cells suspensions (exogenous elicitors) were added to Catharanthus 
roseus cell cultures, its growth was inhibited but the production of enzyme 5'-
phosphodiesterase (PDase) was stimulated. They noted that a combination of 
autoclaved Alteromonas macleodii (as exogenous elicitor) and 0T% (w/v) alginate 
oligomers (AO: acting as bothendogenous elicitor and scavenger of active 
oxygen species) minimized the cellgrowth inhibition but enhanced PDase 
(5'-phosphodiesterase) production (0.474 U mL"') by about 20 times more than the 
control (no addition of elicitors). The mixed alginate elicitors significantly promoted 
PDase production (2.67 U mL"') in Catharanthus roseus, and the productivity was 
increased by 120-fold compared to the control without cell growth inhibition. 
MoUah et al. (2009) reported the effect of sodium alginate irradiated by 
gamma-radiation (Co-60) using various doses (12.5 to 50.0 kGy) on the growth 
performance of the vegetable red amaranth (Amaramhus cruentus L.). They 
observed that the sodium alginate (150 mg L"' solution), irradiated at 37.5 kGy, 
showed the best performance. Dry matter of the red amaranth significantly increased 
with 37.5 kOy of irradiated alginate treatment, which was about 50% higher than 
that of the untreated samples. The effect of irradiated sodium alginate on red 
amaranth significantly increased the plant height (17.8%), root length (12.7%), 
number of leaves (5.4%) and maximum leaf area (2%) compared to that of the 
control. 
Sarfaraz et al. (2011) conducted a pot experiment to study the effect of 
gamma-rays degraded sodium alginate (ISA) on the performance of growth and 
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yield of fennel {Foeniculum vulgare). They observed that foliar spray of ISA 
improved the growth characteristics (shoot and root lengths, number of leaves, fresh 
and dry weights), biochemical attributes (total chlorophyll content, carotenoids 
content and proline content) and yield parameters (umbels per plant, umbellets per 
umbel, hundred seed weight and seed yield) of fennel. Among different 
concentrations ISA, 80 mg L'' concentration had clear-cut effect on all the 
parameters studied. They concluded that the ISA could act as plant growth promoter 
for fennel. The results also showed that the best concentration of ISA (radiated at 
520 kGy) to enhance the growth and yield of fennel was 80 mg L" . Number of 
umbels and umbellets per plant, 100-seed weight and seed yield were significantly 
increased by 80 mg L'' of ISA that increased these parameters by 68.0, 70.4, 33.1 
and 62.3%, respectively, over the control. 
Khan et al. (2011) showed the effect of foliar sprays of irradiated sodium 
alginate (ISA) on the performance of opium poppy {Papaver somniferem L.) in 
terms of growth characteristic, yield parameter and alkaloids production. They 
observed that foliar application of ISA at 120 mg L"' showed the highest response 
and gave 37.5, 63.5, 59.8 and 47.6% higher values over the control for shoot length, 
root length and fresh and dry weight of plant, respectively. The parameters like the 
content of chlorophyll a, chlorophyll b, total chlorophyll, total carotenoids and leaf 
nitrogen were significantly higher in plants treated with ISA applied at 120 mg L'' 
than that of control. Yield parameters, viz. capsule dry weight, seed yield, and crude 
opium content, were also higher in ISA treated plants. The highest dose applied (ISA 
120 mg L") was most effective for increasing the leaf morphine and codeine 
contents as well as for the overall yield of crude opium per plant. 
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Idrees et al. (2011) conducted a pot experiment to study the effect of gamma 
irradiated sodium alginate (ISA) on growth, photosynthesis, physiological activities 
and alkaloid production of Catharanthus roseus L. variety 'Rosea'. Sodium alginate 
was irradiated at 520 IcGy using Co-60 gamma rays and the degraded alginate 
product was used to study for its effectiveness as a plant growth promoter for 
Catharanthus roseus L. The plants were sprayed with Control (deionized water 
sprayed plants (TO), 20 ppm irradiated sodium alginate (Tl), 40 ppm irradiated 
sodium alginate (T2), 60 ppm irradiated sodium alginate (T3), 80 ppm irradiated 
sodium alginate (T4) and 100 ppm irradiated sodium alginate (T5). The authors 
observed that the ISA showed promotive effect on the growth and alkaloids 
production of Catharanthus roseus. They claimed that ISA applied at 80 mg L' 
concentration significantly enhanced the growth, photosynthesis, physiological 
activities and alkaloids production of the plant. 
Naeem et al. (2011) reported that when Co-60 gamma-rays irradiated sodium 
alginate (ISA) was sprayed on mint (Mentha arvensis L.) foliage, it resulted in 
growth promotive activities in plants. They applied various levels of ISA (25, 50, 
75, 100 and 125 mg L'') and concluded that application of ISA at 100 mg L"' 
significantly improved the growth attributes, physiological activities, herbage yield 
and content and yield of essential oil and its components compared to the control 
(deionized water spray). They suggested that further investigations were required to 
comprehend the mechanism and mode of action of alginate-derived oligomers for 
productivity and quality of the medicinal and other crop plants. 
Aftab et al. (2013) reported that when sodium alginate irradiated by Co-60 
gamma rays (ISA) was applied on Artemisia annua plants along with variable doses 
of nitrogen, it resulted in plant growth enhancement. Ngo (80 Kg N ha"') along with 
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ISAso (80 mg L'' of ISA) enhanced the values of growth, yield and quality attributes 
of the plant significantly. This treatment enhanced the Artemisinin content by 38.1% 
and Artemisinin yield by 80.5%. 
AH et al. (2014) conducted a pot experiment on Eucalyptus citriodora Hook., 
the leaves of which contain the highly valued citronellal-rich essential oil. 
According to them, when irradiated sodium alginate (ISA) was applied at the rate of 
30, 60, 120 and 240 mg L'' on plant foliage, h enhanced the biochemical and 
physiological attributes in addition to improving the composition and yield of 
essential oil of the plant. The treatment of ISA 120 mg L'' resulted in the best 
values, enhancing the essential oil content (33.3%), oil yield (86.7%)), citronellal 
content (63.4%) and citronellal yield (205.5%)) as compared to control (plants 
sprayed by deionized water). 
Methyl jasmonate 
Jasmonic acid (J A) and its volatile methyl ester, the methyl jasmonate (Me J A) are 
collectively known as jasmonates (JAs). Jasrnonates produce well characterized fatty 
acid derived cyclopentanone signals. JAs play a critical role in flower development, 
fertility, and plant defense against pathogens and insects by regulating the 
expression of defense related genes (Browse, 2009). MeJA was discovered in 1962 
as a sweet-smelling compound in the flower extracts of Jasminium grandiflorum L. 
(Demole et al., 1962). After that, it was isolated from the pathogenic fungus, 
Lasiodiplodia theobromae (Aldridge et al., 1971). Since then, jasmonates have been 
discovered in many species and are considered ubiquitous (Meyer et al, 1984; 
Hamberg and Gardner, 1992). The quantity of jasmonates in plants typically ranges 
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from 0.0 Ito 3.0 mg g ' by fresh weight. Up to 95 |j,g g ' MeJA has been detected in 
Artemisia tridentata sp. Tridentate Nutt (Preston et al., 2004). 
Jasmonates are considered to be potent ehcitors for plant defense system and 
biological activities in plants. Initiation of a plant defense response requires the 
perception of pathogen-derived (exogenous) or plant derived (endogenous) signal 
molecules, which is collectively referred to as elicitors (Boiler, 1995; Yang et al., 
1997). Elicitor-induced defense responses include the biosynthesis of secondary 
metabolites (Darvill and Albersheim, 1984) and proteinase inhibitors (Pearce et al., 
1991). 
Jasmonate levels can be higher in some tissues than in the others. As a 
percentage of the total JA and MeJA present in tomato flowers, MeJA content was 
13% in pistils and 53% in petals (Miersch et al., 2004). JA and MeJA not only 
regulate the plant growth and development but also defend the plants and their 
surrounding plants from attack by pests. 
Effect of methyl jasmonate 
Corbineau et al. (1988) compared the effects of methyl jasmonate (MeJA) 
and abscisic acid (ABA) on seed germination and seedling development of 
sunflower {Helianthus annuus L.). Both growth regulators had very similar action. 
They inhibited germination, but high concentrations of O2 in the atmosphere 
suppressed this inhibitory action. Depending on the concentration, MeJA inhibited 
root and hypcotyl growth, however the root was more sensitive to MeJA than to 
ABA. MeJA also strongly reduced oxygen uptake during germination and inhibited 
chlorophyll biosynthesis in isolated cotyledons. 
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Popova et al. (1989) investigated the influence of jasmonic acid (MeJA) 
on photosynthesis, dark respiration, photorespiration, and the activities of 
ribulose bisphosphate carboxylase/oxygenase (RuBPCO) and phosphoenolpyruvate 
carboxylase in 7-day-old barley seedlings {Hordeum vulgare L., var. Alfa) was 
investigated. Plants treated with JA showed a decrease of the rate of photosynthetic 
CO2 fixation and the activity of RuBP carboxylase. The rate of dark respiration was 
increased two-fold, of photorespiration increased about 70%, and the CO2-
compensation point increased about 20%. Stomatal resistance increased about 
70%) over control plants. As a result of the inhibition of the carboxylase activity of 
RuBPCO, the carboxylase/oxygenase ratio decreased. 
Hristova and Popova (2002) conducted experiment on twelve-day-old barley 
seedlings. The seedlings were supplied with 23 i^ M methyl jasmonate (MeJA) or 10 
fiM paraquat (Pq) via the transpiration stream, keeping the system in the dark for 24 
h. Then the seedlings were exposed to light for 1 to 6 h. Treatment of seedlings with 
MeJA alone resulted in decreased content of chlorophyll (Chi), net photosynthetic 
{P N) and transpiration rates. Pq treatment led to a decrease in Chi content and to a 
very strong inhibition of PN, the effects were manifested by Ih of irradiation. Pre-
treatment of seedlings with MeJA before exposure to Pq fully blocked the inhibitory 
effect of Pq on photosynthesis and protected against subsequent Pq-induced 
oxidative damage. 
According to Jung (2004), methyl jasmonate (MeJA) and norflurazon (NF) 
treatments resulted in a substantial decrease in photosynthetic activities and 
chlorophylls (Chls) in Arabidopsis thaliana plants, causing a senescence-like 
yellowing and a bleaching in MeJA- and NF-treated plants, respectively. A 
significant accumulation of anthocyanin was observed only in MeJA-treated plants. 
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Total activities of catalase (CAT, EC 1.11.1.6), peroxidase (POD, EC 1.11.1.7), 
superoxide dismutase (EC 1.15.1.1) and glutathione reductase (EC 1.6.4.2) increased 
greatly in response to MeJA; particularly, a 100-fold increase in POD activity 7 days 
after MeJA treatment. Both MeJA- and NF-treated Arabidopsis plants suffered 
destruction of Chls, however, they developed differential antioxidant responses 
during the stress, in large part by an increased anthocyanin level in the epidermis 
and enzymatic antioxidants in MeJA-treated plants and by accumulation of 
antheraxanthin and zeaxanthin, and enhanced energy dissipation in NF-treated 
plants. 
Claus et al. (2005) found that plants could respond to wounding or herbivore 
attack. This could be done by sequential, antagonistic or synergistic action due to 
different signals leading to the defensive genes expression. They selected tomato 
plant to explain, they recognized peptide systemin and jasmonic acid derived from 
lipids as essential signals in wound-induced gene expression. They also explained 
the systemin signaling, jasmonic acid biosynthesis and their action, orchestration of 
other kinds of signals like jasmonic acid, hydrogen per oxide, nitric oxide and 
salicylate, local and systemin response and amplification in wound signaling. They 
also suggested that jasmonic acid biosynthesis and systemin generation in vascular 
bundles as systemic signal. 
Heijari et al. (2005) applied by foliar-feeding different concentrations of 
methyl jasmonate (control, 10 mM, and 100 mM solutions) to Scots pine 
(Pinus sylvestris L.) to examin the vigor, physiology, herbivory performance and 
induction of secondary compounds production in needles, bark and xylem of 
2-year-old Scot pine seedlings. Growth decreased significantly in both MeJA treated 
plants and photosynthesis decreased in the 100 mM MeJA treated plants, when 
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compared to 10 mM MeJA and control plants. The large pine weevil (Hylobius 
abietis L.) gnawed a significantly smaller area of stem bark in the 100 mM MeJA 
treated plants than that in 10 mM MeJA treated plants or control. 100 mM of MeJA 
increased the resin acid concentration in the needles and xylem. Both MeJA 
treatments increased the number of resin ducts in newly developing xylem.They 
suggested that MeJA could be considered as a potential compound for the protection 
of conifers against herbivores. 
Hui et al. 2006 investigated that methyl jasmonate (MeJA) regulated the 
synthesis of secondary metabolites in various kinds of plant species. They claimed 
that foliar spray of MeJA increased the accumulation of caffeoylputrescine (CP), a 
kind of secondary metabolite in tomato leaves. 
Kim et al. (2006) investigated the effect of foliar application of methyl 
jasmonate (MeJA) on bioactive constituents of sweet basil (Ocimum basilicum L.), 
The total phenolic content of the sweet basil significantly increased due to MeJA 
spray treatments at 0.1 and 0.5 mM concentration compared with the control plants 
not subjected to MeJA. The amount of rosmarinic acid (RA) and caffeic acid (CA) 
were also significantly increased after the MeJA treatment. Eugenol and linalool 
content of Ocimum basili increased by 56 and 43%, respectively, as a result of 
MeJA treatment applied at 0.5 mM concentration on the foliage of the plant. 
Shiow et al. (2008) investigated the effect of methyl jasmonate (MeJA) on 
fruit quality, antioxidant activity and flavonoids content in blackberries {Rubus sp.). 
They worked on three blackberry cultivars (Chester Thornless, Hull Thornless and 
Triple Crown) and found that Blackberries treated with MeJA (0.01 and 0.1 mM) had 
higher soluble solids content and lower titratable acids than untreated fruits. 
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Schaller et al. (2008) concluded that jasmonates, a kind of plant hormone, 
controled the physiological activities, like seed germination, reproductive 
development and senescence. Besides it also played important role in defense 
against insect herbivores and necrotrophic pathogens; they noticed that there was 
JA-dependent systemic defense response against insect herbivores, which activated 
JA-dependent defense genes. 
Avanci et al. (2010) reported that jasmonates were widely distributed in plant 
kingdom and played a vital role in biotic and abiotic stresses in plant growth and 
development and reproductive processes. 
Aftab et al. (2011) conducted an experiment to study the effect of exogenous 
application of methyl jasmonate (MeJA) on boron-fed Artemisia annua plants. 
Boron toxicity induced the oxidative stress and reduced the stem height as well as 
the fresh and dry mass of the plant, remarkably. The excessive amounts of soil B 
also lowered the net photosynthetic rate, stomatal conductance, internal CO2 
concentration and total chlorophyll content in the leaves. However it was found that 
the foliar application of MeJA enhanced the growth and photosynthetic efficiency 
both in the stressed and non-stressed plants. MeJA application to the excessive B-fed 
plants also reduced the amount of lipid peroxidation and stimulated the synthesis of 
antioxidant enzymes, enhancing the content and yield of artemisinin as well. 
Zhang et al. (2011) investigated the effect of methyl jasmonate (MeJA) on 
levels of gene transcripts, enzyme activities and metabolites related to arginine 
catabolism and chilling injury (CI) in cherry 'tomato {Solanum lycopersicum L. cv. 
Messina) fruit stored at 2°C for 21 days. It was found that the fruit treated with 
0.05 mM MeJA vapor for 12 h at 20"C showed reduced CI index than that of the 
untreated fruits. The reduction was found to be associated with the up-regulated 
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arginine catabolism. The mRNA levels and activities of arginase, arginine 
decarboxylase (ADC) and ornithine aminotransferase (OAT) in treated fruit were 
higher than in control fruits. 
Ruangsak and Dheeranupattana (2012) investigated the effect of methyl 
jasmonate and salicylic acid on in vitro alkaloid production of Stemona kerrii. The 
8-week old plantlets of S. kerrii were cultured in liquid MS medium containing 
1 mg/L NAA with various concentrations of methyl jasmonate (0, 100 and 200 \)M) 
and salicylic acid (0, 100 and 200 \M) for 7 and 14 days. They found that at 7 days 
when cultured in liquid MS medium supplemented with 200 [iM methyl jasmonate. 
S. kerrii produced the highest total oxyprotostemonine (318.4638 i^ g/g DW), 
stemocurtisine (4.3397 |ig/g DW) and stemocurtisinol (379.9040 i^g/g DW) 
alkaloids. 
Olaei et al. (2013) investigated the effect of methyl jasmonate on the weight 
and yield of strawberry. Two strawberry cultivars (selva and Queen elisa) were used 
in the experiments. Three concentrations of methyl jasmonate (0, 0/25, 0/50 and 
0/100 Mm) were applied as foliar spray; the control plants were water sprayed. It 
was found that vegetative growth decreased significantly by the foliar spray of 1 mg 
MeJA in selva and queen elisa cultures. Strawberries treated with MeJA had higher 
soluble solids content. 
Rahimi et al. (2013) investigated the effect of salicylic acid (SA) and Methyl 
jasmonate (MeJA) on growth, yield and essential oil (EO) quantity and quality of 
cumin {Cuminum cyminum L.). The plants were sprayed with concentration of 
0 (control: distilled water), 0.01, 0.1 and 1 mM of SA and MeJA. The results 
revealed that the 0.01 and 0.1 mM concentration of SA resulted in significant 
promotion of plant height, number of branches and umbels per plant. Fruit yield and 
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essential oil (EO) yield significantly increased by the application of 0.1 m M SA. 
The EO percentage was increased by SA as well as by MeJA application. 
Enteshari and Jafari (2013) investigated the effect of methyl jasmonate in 
counteracting the salinity stress in Ocimum basilicum L. The seeds were soaked in 
methyl jasmonate (0, 0/1 and 0/01 \iM solutions) and then they were placed on filter 
papers wet with NaCl (50, 100, 200 mM solutions). The resuhs showed that high 
concentration of salinity caused a decrease in germination percentage, while the 
MeJA caused an increase in germination percentage; this indicated the positive 
effect of MeJA on improvement of stress conditions in plants. 
Kazemi et al. (2013) investigate the effect of 3 levels of methyl jasmonate 
(0.25, 0.50 and 0.75 mM solutions) and 2 levels of potassium nitrate (4 and 6 mM 
solutions) spray on the plant growth and quality parameters of cucumber (Cucumis 
sativus). It was observed that methyl jasmonate and potassium nitrate alone as well 
as in combination had significant effect on vegetative growth, yield and quality of 
cucumber. Methyl jasmonate application alone or in combination significantly 
increased the fruit quality of cucumber, while reducing the leaf-N and -K content, 
chlorophyll content and dry matter. In general, the combination of 0.25 mM of 
methyl jasmonate in combination with 6 mM of potassium nitrate significantly 
increased the TSS, yield and vitamin C contents. 
The literature reviewed above indicates that PGRs/elicitors, irradiated 
sodium alginate (ISA) and methyl jasmonate, have considerable potential to affect 
various plant processes. While the ISA promotes growth and biological activities, 
methyl jasmonate (MeJA) reduces plant growth as well as physiological and other 
biological activities in plants. However, MeJA helps plants to withstand stress in 
adverse conditions by improving growth, biological activities and secondary 
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metabolite production in plants. Keeping in mind these facts, the present 
investigation was carried out so as to increase the plant vigor by ISA on the one 
hand and to enhance the alkaloids production by MeJA on the other hand, 
simultaneously. Though important work has been done to enhance the growth, 
biochemical parameters, specific alkaloid content and yield of Catharanthus roseus 
L. this investigation is an effort to study the combined effect of above mentioned 
PGRs/elicitors in order to enhance the growth, physiological activities and alkaloids 
production in Catharanthus roseus. 
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CHAPTER 3 
MATERIAL A N D METHODS 
To achieve the aims and objectives, framed in Chapter 1, a simple randomized block 
design pot experiment was conducted on Catharanthus roseus L. cv. 'rosea'. The 
experiment was conducted in the natural conditions of net-house of the Department 
of Botany, Aligarh Muslim University, Aligarh. The details of the prevailing 
climatic conditions, physical and chemical analysis of the experimental soil, 
chemicals used, sampling techniques and procedures employed in this regard are 
given below. 
Agro-climatic conditions 
Aligarh is situated in western Uttar Pradesh (Northern India) and is located 130 km 
East of New Delhi (India) at 27°52' N latitude, 78°5rE longitude and is at 187.45 m 
altitude above sea level. It has semi-arid and subtropical climate, with severest hot 
dry summers and intense cold winters. The winter extends from the middle of 
October to the end of March. The mean temperature for December and January (the 
coldest months) is about 15°C and 13°C, respectively. The summer season extends 
from April to June and the average temperature for May and June (the hottest 
months) is about 30.5°C and 38.5°C, respectively. The Monsoon extends from the 
beginning of July to the middle of October, during which the temperature ranges 
between 26°C to 30°C. The average annual precipitation is about 747.3 mm. More 
than 85% of the total downpour occurs during a short span of four months, from 
June to September. The remaining showers are received during winter. Relative 
humidity of the winter season ranges between 56% and 77% with an average RH of 
66.5%. In the summer, it ranges between 37-49% with an average of 43%. In 
monsoon season, the relative humidity ranges between 63-83%) with an average of 
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Fig. 9. Variation in Average monthly rainfall (mm), relative humidity and 
temperature ("Q at Aligarh during the period of experimentation. 
71%. The meteorological data were procured during the investigation period at the 
Meteorological Observatory, Department of Physics, Aligarh Muslim University, 
Aligarh shown in (Fig. 9). Different types of soils, such as sandy, loamy, sandy-
loam and clay-loam are found in Aligarh district. 
Soil analysis 
Before filling the pots, the samples were collected from the homogeneous mixture of 
soil and farmyard manure (5:1) and analyzed for various physical and chemical 
properties in the Soil Testing Laboratory, Government Agriculture Farm, Quarsi, 
Aligarh. The experiment-wise data, for the soil analysis, are shown below. 
Table 2. Physico-chemical properties of the soil used for the pot experiments. 
Soil Characteristics Assessment 
Texture Sandy-loam 
pH(l:2) 7.2 
Conductivity E.C (m mhos cm"') 0.47 
Available nitrogen (mg N kg"' soil) 94.46 
Available Phosphorous (mg P kg"' soil) 8.63 
Available Potassium (mg K kg"' soil) 142.9 
Pots dressing 
Before transplanting the plants, earthen pots of equal size (25 cm diameter x 25 cm 
height) were filled with the homogeneous mixture of soil and farmyard manure (5 kg 
soil per pot), removing weeds, etc. The pots were arranged in two sets (one set for 
each stage) according to simple randomized block design in the natural conditions of 
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the net-house. The experiment was divided into two sets in order to achieve the best 
harvest period. 
Seedling transplantation 
Healthy periwinkle seedlings of equal size were procured from Jawahar Park, 
Aligarh. The seedlings were then washed thoroughly with distilled water and 
transplanted in the earthen pots (one seedling per pot). The pots were lightly watered 
after transplantation. Transplantation was carried out during afternoon hours. 
Pot experiments 
The pot experiment was conducted on Catharanthus roseus L. during 2013-2014 
(May-February). A basal dose of nitrogen, phosphorus and potassium (120:40:40 kg 
ha') was applied to the pots uniformly (The Wealth of India, 1992). The plants were 
kept free from weeds and irrigated as and when required. The detail of experiment is 
given below. 
Experiment details 
The experiment was aimed at exploring the effect of foliar spray of irradiated 
sodium alginate (ISA), methyl jasmonate (MeJA) and of their combination 
(ISA + MeJA) on the performance of periwinkle in terms of growth attributes 
(shoot and root length, shoot and root fresh weight, shoot and root dry weight, leaf 
number, average leaf area, leaf area index and leaf fresh and dry weight), 
biochemical parameters (contents of leaf chlorophyll and carotenoids, activities of 
nitrate reductase and carbonic anhydrase in the leaves and the contents of 
leaf-N, -P and -K content) and yield and quality attributes (content and yield of total 
alkaloids in the leaves, and content and yield of Vincristine and Vinblastine 
alkaloids in the leaves). 
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There were 5 spray treatments, applied at 10 days interval, viz. deionised water 
(control), un-irradiated sodium alginate (USA) applied at 80 mg L"', irradiated 
sodium alginate (ISA) applied at 80 mg L'', methyl jasmonate (MeJA) applied at 40 
mg L'' and the combination of ISA and MeJA (ISA 80 mg L"' + MeJA 40 mg L'') 
The spray treatments were started at 4 MAP (Set-I) and 7 MAP (Set-II) that 
were harvested at 6 and 9 MAP, respectively. There were six replicates for each 
treatment. 
Radiation technique used and preparation of spray-solutions 
Solid material of sodium alginate (Sigma Aldrich, USA) was sealed in a glass vial 
with atmospheric air. Sodium alginate samples were irradiated (Cobalt-60, GC-
5000) in a Gamma Radiation Chamber (BRIT, Mumbai, India). The samples were 
irradiated with 520 kGy gamma radiation dose at a total dose rate of 2.4 kGy h''. Gel 
Permeation Chromatography (GPC) of sodium alginate samples was carried out with 
the help of Hitachi EMerck HPLC/GPC system, using RI detector.The experimental 
conditions were as follows: mobile phase - water, flow rate - 1.5 mL min'', column 
PL - Aquagel, mixed bed column, 300 x 10 mm, equipped with 20 [iL injection 
loop. 
Polyvinyl alcohol polymers of known molecular weight were used as 
standards. Different aqueous concentrations of ISA were finally prepared using 
double distilled water for spray treatment. The average molecular weight of the un-
irradiated sodium alginate samples was about 695,131, while that of irradiated 
sodium alginate it was estimated to be 5,95,000 (Fig. 10). 
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Fig.lO. This shows the molecular weight distribution of un-irradiated (control) and 
irradiated sodium alginate samples. Average molecular weight of the un-irradiated sodium 
alginate was about 6,95,131, while that of irradiated sodium alginate was 5,95,000. 
Molecular weight distribution curve in the GPC profile shifts the whole graph to higher 
retention time, which indicates the radiation-processed degradation of sodium alginate, 
forming lower molecular-weight oligomers. The molecular weight values are expected to 
fall in the natural variation of molecular weight distribution of sodium alginate oligomers. 
The lower molecular weight fi-actions (less than 100,000), which appear at the end of the 
profile, are very small, which may be considered to stimulate plant growth activities in this 
investigation. 
Methyl jasmonate (MeJA) was also purchased from Sigma Aldrich, USA. 
Spray-solution of MeJA was prepared by diluting the compound in absolute ethanol. 
Then the aqueous solutions were prepared according to treatments in order to 
execute the spray-treatments on the foliage of plants. 
Analyses of growth characteristics, biochemical attributes and quality 
parameters were carried out at 6 and 9 MAP. The content of anticancer 
leaf-alkaloids (Vincristine and Vinblastine) was measured through HPLC equipment 
(Model, LC-20AD, Shimadzu Corporation Ananlytical & Measuring Instrument 
Division, KYOTO, JAPAN) in Plant Physiology Laboratory, Department of Botany, 
AMU, Aligarh. 
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Determination of parameters studied 
Growth characteristics 
At sampling date, three plants from each treatment were uprooted carefully and 
washed with running tap water to wipe off all adhering soil particles. They were 
blot-dried thereafter using blotting sheets. Length of fresh shoot and root and weight 
of the fresh shoot, root and leaves of the plants from each treatment was determined 
separately using scale and electronic weighing balance. Subsequently, the shoot, root 
and leaves of the plants from each treatment were dried in a hot air oven at 80°C for 
24 hours in order to record their dry weight. 
Leaf area index (LAI) was determined by using the following formula 
suggested by Watson (1947). 
. Leaf area per plant 
Leai area mdex (LAI) = ; — 
Area occupied by plant 
Biochemical and quality parameters 
Biochemical and quality parameters were estimated both at 6 and 9 MAP, utilizing 
the same plants employed for growth parameters. Biochemical parameters were 
measured on fresh weight basis, while quality parameters were determined on dry 
weight basis on the respective sampling dates. 
Chlorophyll and carotenoids contents (in fresh leaves) 
Total chlorophyll and carotenoids content in fresh leaves were estimated by the 
method of Mackinney (1941) and Maclachlan and Zalik (1963), respectively. One 
hundred mg (0.1 g) of fresh leaves from inter-veinal leaf area was grinded with 
10 mL of 80% acetone (Appendix), using mortar-pestle. The suspension was 
decanted and filtered through Whatman filter paper No.l into a Buchner funnel. 
The optical density (OD) of the solution v/as recorded at 645 and 663 nm for 
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chlorophyll estimation and at 480 and 510 nm for carotenoids estimation using a 
spectrophotometer (Spectronic UV-1700, Shimadzu, Japan). The total chlorophyll 
and carotenoids contents were calculated using the following formula. 
Total chlorophyll content (mg g"' FW) = 20.2 (OD 645) + 8.02 (OD 663) x ^J^^^^ 
Total carotenoids content (mg g"' FW) = 7.6 (OD 480) - 1.49 (OD 510) x^^^^^^^^^ 
Where, OD = Optical density of the extract at the respective wavelengths employed 
for the content of chlorophyll (645 and 663 nm) and carotenoids (480 and 510 nm) 
V = Final volume of chlorophyll extracted in 80% acetone 
W = Fresh weight of leaf tissue (g) 
d = Length of light path (1 cm) 
Nitrate reductase (NR) activity (in fresh leaves) 
The enzyme activity was estimated by the intact tissue assay method of Jaworski 
(1971) based on the reduction of nitrate to nitrite as per the following biochemical 
reaction: 
NO3" + NADH + H^ '^^  • NO2' + NAD'^+ H2O 
The nitrite (NO2") formed in the reaction was determined 
spectrophotometrically. The leaves were chopped into small pieces. Two hundred 
mg (0.2 g) of the chopped leaves were transferred into each of the plastic vials. To 
each vial, 2.5 mL of phosphate buffer (pH 7.5) (Appendix) and 0.5 mL of 0.2 M 
potassium nitrate solution (Appendix) were added, followed by the addition of 
2.5 mL of 5% isopropanol (Appendix). Finally, two drops of chloramphenicol 
solution were added to avoid bacterial growth in the reaction mixture. The vials 
were incubated in dark for 2 h using a BOD incubator maintained at 30±2°C. 
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Color development 
0.4 mL of incubated mixture was transferred into a test tube, into which 0.3 mL, 
each of 1 % sulphanilamide solution (Appendix) and 0.02% NED-HCL (Appendix), 
was added. The test tube was kept at room temperature for 20 minutes for maximum 
color development. The mixture was diluted to 5 mL using double distilled water 
(DDW). The OD was recorded at 540 nm using the spectrophotometer. A blank was 
run simultaneously with each sample. 
Standard curve for NR activity 
30 mg sodium nitrite (NaNOa) was dissolved in 100 mL of DDW. Of this solution, 
0.8 mL was transferred into a 100 mL volumetric flask. Then, the volume was made 
up to 100 mL using DDW. From this diluted solution, ten aliquots measuring 0.2, 
0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 mL were transferred into separate test 
tubes. In each test tube, 0.3 mL each of 1% sulphanilamide and 0.02% NED-HCl 
were added. The solution was diluted to 5 mL with DDW and OD was recorded at 
540 nm using the spectrophotometer, running a blank simultaneously. The standard 
curve was plotted using the selected concentrations of pure NaNOi versus OD of the 
solution. In order to estimate NR activity in the samples, the OD of the sample was 
compared with a standard curve, expressing the NR activity as nM NO2" g"' (FW) h'' 
Carbonic anhydrase activity 
The activity of carbonic anhydrase was estimated in fresh leaves according to the 
reversible hydration reaction of carbon dioxide (CO2) to give bicarbonate ion (as 
given below): 
H2O + CO2 - ^ ^ H^ + HCO3" 
The activity of the enzyme CA was determined by the method of Dwivedi 
and Randhawa (1974). Fresh leaves were chopped into small pieces at room 
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temperature (below 25°C). After mixing, 200 mg of leaf pieces were further cut into 
smaller pieces, incubating them at 0 to 4°C for 20 minutes in a Petri dish carrying 
10 mL of 0.2 M aqueous cystein solution (Appendix). The solution, adhering to the 
cut surfaces of the leaf pieces was then removed with the help of a blotting paper, 
followed by transferring them immediately into a test tube containing 4 mL of 
phosphate buffer with pH 6.8 (Appendix). To it, 4 mL of 0.2 M sodium bicarbonate 
(NaHCOs) in 0.02 M sodium hydroxide (I^ vIaOH) solution (Appendix) and 0.2 mL 
0.002% bromothymol blue indicator (Appendix) were added. After shaking, the test 
tube was kept at 0 to 4°C for 20 minutes. Carbon dioxide liberated during catalytic 
action of enzyme on NaHCOs was estimated by titrating the reaction mixture against 
0.05 N hydrochloric acid (Appendix), using methyl red (Appendix) as an internal 
indicator. A control reaction mixture (without leaf pieces) was titrated against 
0.05 N hydrochloric acid. The difference of sample reading and control reading was 
noted for further calculation of the enzyme activity. 
The activity of the enzyme was determined by the following formula: 
, , V X 2 2 X N 
CA activity [mol (CO2) kg' (FW) s"'] = — - — 
Where, 
V = difference in volume (mL) of hydrochloric acid used in titration in the control 
and sample 
22 = equivalent weight of CO2 
N = normality of HCl (36.5) 
W = Fresh weight (mg) of the leaves used 
Finally, the activity of the enzyme was expressed in terms of mol (CO2) kg"' (FW) s"'. 
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Leaf-N, -P and -K and contents 
The leaf samples were dried in a hot-air oven maintained at 80°C for 48 h. dried 
leaves were finely powdered and the powder, thus obtained, was sieved using a 72 
mesh. The powder was labeled and stored in small polythene bags for the chemical 
analysis. 
Digestion of leaf powder 
One hundred mg (0.1 g) of oven-dried leaf powder was transferred to a 50 mL flask, 
to which 2 mL of AR Grade concentrated sulphuric acid was added. The flask was 
heated on a temperature controlled assembly for about two hours to allow complete 
reduction of the nitrate present in the plant material by organic matter itself As a 
result, the content of the flask turned black. After cooling the flask for about 15 
minutes at room temperature, 0.5 mL of 30% hydrogen peroxide (H2O2) solufion 
was added drop by drop, followed by heating the solution gently till the content-
color changed from black to light yellow. Again, after cooling for about 30 minutes, 
3-4 drops of 30% H2O2 were added, followed by heating for another 5 minutes. This 
step was repeated until the content turned colorless. The peroxide-digested leaf 
material was transferred to a 100 mL volumetric flask with three washings using 
DDW. The volume of the volumetric flask was then made up to the mark with 
DDW. This aliquot was used to estimate N, P and K contents in the leaves. The 
details of methods used for the analysis of these elements are given below 
separately. 
Leaf-nitrogen content 
Nitrogen content in the leaves was estimated according to the method of Lindner 
(1944). A 10 mL aliquot of the digested material was taken into a 50 mL volumetric 
flask. To this, 2 mL of 2.5 N sodium hydroxide solution (Appendix) and 1 mL 10% 
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sodium silicate solution (Appendix) were added to neutralize the excess of acid and 
to prevent turbidity, respectively. The volume was made up to the mark with DDW. 
A 5 mL aliquot of this solution was taken to a 10 mL graduated test tube and 0.5 mL 
of Nessler's Reagent (Appendix) was added. The content of the test tube was 
allowed to stand for 5 minutes for maximum color development. After maximum 
color development, the content was transferred to a spectrophotometric tube and the 
OD of the content was recorded at 525 nm using the spectrophotometer. A blank 
solution was also run simultaneously. The reading of each sample was compared 
with the standard calibration curve in order to estimate the leaf-N content, which 
was expressed in the terms of percentage on dry weight basis. 
Standard curve for nitrogen 
50 mg of pure ammonium sulphate was dissolved in a sufficient volume of DDW 
and the final volume was made up to 1 litre using DDW. From this solution, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL solutions were pipetted out into ten test 
tubes separately. The solution in each test tube was diluted to 5 mL with DDW. In 
each test tube, 0.5 mL of Nessler's Regent was added. After 5 minutes, the OD was 
recorded at 525 nm, using the spectrophotometer. A blank was also run side by side. 
Standard curve was plotted using graded concentrations of ammonium sulphate 
solution versus OD. 
Leaf-phosphorus content 
The method of Fiske and Subbarow (1925) was used to estimate the total 
phosphorus content in the peroxide-digested leaf material. A 5 mL aliquot of the 
peroxide-digested leaf material was transfened to a 10 mL graduated test tube. It 
was followed by addition of 1 mL of 2.5% molybdic acid (Appendix). Then, the 
content was carefully added with 0.4 mL of 1-amino-2-naphthol-4-sulphonic acid 
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(Appendix). After the color of the content turned blue, the volume was made up to 
10 mL using DDW. The content was shaken for 5 minutes and was then transferred 
to a spectrophotometric tube. The OD of the content was noted with the help of 
spectrophotometer at 620 nm. A blank solution was also run side by side. 
Standard curve for phosphorus 
351 mg (0.351 g) of pure potassium dihydrogen orthophosphate was dissolved in 
sufficient amount of DDW, into which 10 mL of 10 N sulphuric acid was added and 
the final volume was made up to 1 liter using DDW. From this stock solution, 0.1, 
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL aliquots were taken into ten test tubes 
separately. The aliquot of each test tube was diluted to 10 mL with DDW. To each 
test tube, 1 mL of molybdic acid and 0.4 mL of l-amino-2-naphthol-4-sulphonic 
acid were added. After 5 min, the OD of the solution was recorded at 620 nm. A 
blank solution was also run simultaneously. The standard curve was plotted using 
different dilutions of potassium dihydrogen orthophpsphate solution. The percent 
phosphorus content was determined on dry weight basis. 
Leaf-potassium content 
Potassium content in the leaves was analyzed flame-photometrically according to 
Hald (1947). In the flame- photometer (Elico CL-22D) the solution (peroxide-
digested leaf material) was discharged through an atomizer in the form of a fine mist 
into a chamber, where it was drawn in to a flame. Combustion of the element the 
produces the light of a particular wavelength (k max for K = 767 nm; violet in 
color). The light produced was conducted through the appropriate filter to impinge 
upon a photoelectric cell that activated a galvanometer. The air was supplied through 
an air pump and liquid petroleum gas (LPG) was used for combustion. The chimney 
of the equipment was removed and the gas was ignited using an electric lighter. The 
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final pressure of the two gases was adjusted to 15 pounds per inch. When the flame 
produced a sharp blue cone, the correct filter was set and DDW was introduced 
(using a beaker) and galvanometer was set to zero. Then the standard solution of the 
element was sucked through a capillary tube and the galvanometer was adjusted to 
the 100 position by using the amplifier. Unless the 0 and 100 points were maintained 
on successive readings, the gas pressure, air-pressure or both were adjusted to bring 
about a stable position. Therefore, intermediate standards (diluted solutions of 
known concentrations between 0 and 100 percent) were checked and a standard 
graph was prepared. Lastly, the samples were run and exact concentration of the 
element was calculated using the standard graph. 
Leaf alkaloid content 
Total alkaloid content in the leaves was estimated by the method of Afaq et al. 
(1994). The leaves were dried in a hot-air oven at 80°C for 24 h. The leaf sample 
was powdered and passed through a 72 mesh screen. Powdered leaf 500 mg (0.5 g) 
was extracted thrice with 90% ethanol (3x30 mL). The alcohol extract was filtered, 
concentrated in vacuum to 10 mL, diluted with DDW water (10 mL), acidified with 
3% HCl (10 mL), and washed with n-hexane (3 x 30 mL). The aqueous portion was 
basified to pH 8.5 with ammonia (NH3) and extracted using chloroform (CHCI3) (3 
X 30 mL); the chloroform extract was washed with DDW water, dried over sodium 
sulphate, and concentrated under vacuum in porcelain dish. The residue was re-
dissolved in 10 mL methanol. Take the pre-v^eighed of clean and dry porcelain dish 
and the content was evaporated till dryness and then weighed. 
Total leaf alkaloid content (in %) was calculated using following formula: 
WA-WE 
Leaf alkaloid content (%)= x lOO 
^ ' WR 
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Where, 
WE = Weight of empty porcelain dish (g) 
WA = Weight of porcelain dish after evaporation (g) 
WR = Weight of the powder (g) 
Leaf Vincristine and Vinblastine content 
Plant material and sample extraction 
The preparation of sample extractions and the chromatographic condition of high 
Performance Liquid Chromatography (HPLC) instrument were achieved through the 
method of Uniyal et al. (2001). Freshly harvested leaves from each treatment were 
dried in oven at 60°C for 48 h and then mill it into fine powdered with mortar and 
pestle. A known volume (30 mL) of 90% ethanol (Appendix) was added to 5 g of 
leaf powder; it was left over night and filtered. The residue was again extracted with 
90% of ethanol (3 x 30 mL) at room temperature (27''C). The alcoholic extract was 
pooled, filtered and concentrated in vacuo at 40°C. The dried residue was re-
dissolved in ethanol (10 mL), diluted with DDW (10 mL) and then acidified with 
3% hydrochloric acid (10 mL) (Appendix). This was then extracted with hexane (3 x 
30 mL), the hexane extract was discarded and the aqueous portion was cooled to 
10 °C; it was basified with ammonium hydroxide to pH 8.5 and then extracted with 
chloroform (3 x 30 mL). The combined chloroform extract was washed with water, 
evaporated to dryness and re-dissolved in 1 mL of chloroform. After that, it was 
passed through a silica Sep-Pak cartridge (Waters) pre-saturated with chloroform 
and then washed successively with 5 mL each of chloroform and chloroform: 
methanol (9:1, v/v); it was dried over anhydrous sodium sulphate before being 
evaporated to dryness. The residue, thus obtained, was dried to constant weight in 
order to determine the total alkaloid content. An aliquot (10 mg) of the crude 
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alkaloid was dissolved in 1 mL of methanol, out of which a 10 |j,L volume was 
subjected to HPLC analysis. 
HPLC equipment and standard 
Chromatographic estimations were carried out using a Shimadzu (Japan) LC- lOA 
gradient high-performance liquid chromatography instrument. Solvents were filtered 
by using a millipore system and analysis was performed on a Waters [i Bondapak 
CI 8 reversed-phase column, 10 mm (30 cm x 3.9 mm I.D.). A constant flow rate of 
0.6 mL/min was used during analysis. The composition of mobile phase was 
optimized by using a different composition of acetonitrile, O.IM phosphate buffer 
(Appendix) and glacial acetic acid, resulting in the following operating conditions; 
acetonitrile:0.1M phosphate buffer:glacial acetic acid (38:62:0.30); pH 4.14, flow 
rate 0.6mL/min, column temperature 26°C, detector wave length 254 nm. For the 
standard, stock solutions of Vincristine and Vinblastine were prepared dissolving 
1 mg of each in 1 mL of methanol. The solutions were subjected and the retention 
time (Rt) for Vincristine (Rt-7 min) and Vinblastine (Rt-8 min) were detected. 
Statistical analysis 
The experimental data were statistically analyzed using SPSS-17 statistical software 
(SPSS Inc., Chicago, IL, USA) according simple randomized block design, using six 
replicates. Mean values of the treatments were statistically compared applying 
Fisher's Least Significant Difference (LSD) test (/?<0.05). 
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CHAPTER 4 
EXPERIMENT.\L RESULTS 
Results of the pot experiment have been described briei^y in this chapter (Tables 
1-24). 
Experiment description 
The pot experiment was conducted to study the effect of foliar spray of irradiated 
sodium alginate and methyl jasmonate applied alone or in combination on various 
growth, physiological, biochemical, yield and quality parameters of Catharanthus 
roseus L. All the parameters were determined at the stage of 6 and 9 months after 
planting (MAP). The spray treatment comprised of deionised water (control), un-
irradiated sodium alginate (USA 80 mg L"'), irradiated sodium alginate (ISA 80 mg 
L"'), methyl jasmonate (MeJA 40 mg L"') and the combination treatment (ISA 80 
mg L'' + MeJA 40 mg L"'). The effect of ISA, MeJA and that of their combination 
was significant on the parameters studied both at 6 and 9 MAS, when compared to 
the control. Treatment USA 80 mg L'' was employed to test if the sodium alginate 
worked in un-irradiated form too. However, in almost all the cases, deionised water 
spray (control) and USA 80 mg L'' proved statistically equal, suggesting no effect of 
un-irradiated sodium alginate. Hence unless otherwise stated, the treatment values 
were compared with control (deionised water spray). The details of the results are 
given in Tables 1-24 as summarized below. 
Growth characteristics 
Plant growth characteristics, namely, shoot length, root length, shoot fresh weight, 
root fresh weight, shoot dry weight, root dry weight, number of leaves per plant, leaf 
fresh weight, leaf dry weight, average leaf area and leaf area index were studied on 
per plant basis both at 6 and 9 MAP. All the parameters were noticed to be affected 
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significantly by the treatments applied. Salient features of the data are given ahead 
(Tables 1-11). 
Shoot length 
Of the spray treatments, ISA 80 mg L"' (ISA applied at 80 mg L"') showed the 
maximum shoot length, while MeJA 40 mg L"' (MeJA applied at 40 mg L'') gave 
the lowest value both at 6 and 9 MAP. Treatment ISA 80 mg L"' + MeJA 40 mg L"' 
(the combined treatment,) was at par with ISA treatment at 6 MAP, while at 9 MAP, 
it recorded the second best value. The ISA treatment (ISA 80 mg L"') increased the 
shoot length by 31.9 and 31.0%, over the control, at 6 and 9 MAP, respectively. The 
combined treatment increased the shoot length by 15.9 and 31.0% in comparison to 
the control at 6 and 9 MAP, respectively (Table 1). 
Root length 
Treatment ISA 80 mg L'' resulted in the longest root of plant, while MeJA 40 mgL'' 
resulted in the shortest roots both at 6 and 9 MAP. As compared with control 
(deionised water spray), the combined treatment was at par with ISA 80 mg L"' at 6 
MAP and proved to be the second best at 9 MAP. ISA 80 mg L"' increased the root 
length of plant by 24.8 and 29.4% over the control at 6 and 9 MAP, respectively. 
The value recorded due to the combined treatment was 12.8 and 12.7% higher than 
that of the control at 6 and 9 MAP, respectively (Table 2). 
Shoot fresh weight 
Spray-treatment ISA 80 mg L"' displayed the maximum value regarding shoot fresh 
weight of the plant, while MeJA 40 mg L'' depicted the lowest value at both the 
growth stages. ISA 80 mg L'' increased the shoot fresh weight by 17.6 and 16.7% at 
6 and 9 MAP, respectively. The combined treatment (ISA + MeJA) resulted in the 
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second best value at both the growth stages; it was also statistically equal to the 
control at both the growth stages (Table 3). 
Root fresh weight 
Plants treated with ISA 80 mg L'' significantly increased the root fresh weight of 
Cathamnthus roseus; conversely, plants sprayed with MeJA 40 mg L" gave the 
lowest values at both the growth stages. ISA 80 mg L'' increased the root fresh 
weight over the control by 32.0 and 25.2% at 6 and 9 MAP, respectively. The ISA 
treatment was followed by the combined treatment, which enhanced the root fresh 
weight by 9.3% at 6 MAP, but proved statistically equal to the control at 9 MAP 
(Table 4). 
Table 1.Effect of irradiated sodium alginate and/or methyl jasmonate on shoot 
Length (cm) of Cathamnthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L"' 
ISA 80 mg L-' 
MeJA 40 mg L'' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
45.40 
46.60 
59.90 
37.10 
52.60 
9.678 
9 MAS 
72.20 
72.80 
94.60 
60.60 
83.30 
9.462 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 2.Effect of irradiated sodium alginate and/or methyl jasmonate on Root 
Length (cm) of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L'' 
MeJA 40 mg L"' 
ISA m mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
10.90 
10.40 
13.60 
9.20 
12.30 
2.023 
9 MAS 
12.60 
12.70 
16.30 
11.50 
14.20 
2.079 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Table 3.Effect of irradiated sodium alginate and/or methyl jasmonate on Shoot 
Fresh Weight (g) of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DDW) 
USA 80 mgL"' 
ISA 80 mgL"' 
MeJA40 mgL"' 
ISA 80 mgL'' + MeJA40 mgL"' 
LSD (p<0.05) 
6 MAS 
38.60 
37.20 
45.40 
30.40 
40.80 
2.937 
9 MAS 
41.63 
40.32 
48.57 
34.60 
44.30 
2.629 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 4. Effect of irradiated sodium alginate and/or methyl jasmonate on Root 
Fresh Weight (g) of Catharanthus roseus L. at 6 and 9 months after sowing 
(MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
7.50 
7.80 
9.90 
6.80 
8.20 
0.323 
9 MAS 
9.90 
10.10 
12.40 
8.80 
10.40 
0.850 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Shoot dry weight 
Of the treatments applied, ISA 80 mg L'' turned out to be theTesf one, whereas 
MeJA 40 mg L"' gave the poorest values for shoot dry weight both at 6 and 9 MAP. 
The plants sprayed with ISA 80 mg L"' raised the weight of the dry root in 
comparison to the control by 19.8 and 19.2% at 6 and 9 MAP, respectively. Its effect 
was followed by that of the combination treatment, which was statistically at par 
with the control at both the growth stages (Table 5), 
Root dry weight 
In comparison to the control, ISA 80 mg L'' proved the best for root dry weight both 
at 6 and 9 MAP. The lowest values were perpetually recorded by MeJA 40 mg L''. 
ISA 80 mg L'' increased the root dry weight by 62.3 and 55.9% over the control at 6 
and 9 MAP, respectively. The combined treatment was the next ameliorating 
treatment, which increased the root dry weight by 40.9 and 33.9%) over the control at 
6 and 9 MAP, respectively (Table 6). 
Number of leaves per plant 
Foliar spray of ISA 80 mg L'' proved to be the most advantageous treatment, which 
increased the number of leaves per plant by 14.3 and 14.5%o compared to the control 
at 6 and 9 MAP, respectively. Its effect was followed by that of the combined 
treatment (ISA + MeJA), which surpassed the control by 8.2 and 6.3%) at 6 and 9 
MAP, respectively. The lowest values were given by MeJA 40 mg L"' as usual 
(Table 7). 
Average leaf area 
Both at 6 and 9 MAP, the foliar application of ISA 80 mg L"' significantly enhanced 
the average leaf area per plant. The minimum value was given by MeJA 40 mg L ' . 
Compared to the control, ISA 80 mg L"' registered the enhancement in the average 
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leaf area to the extent of 10.0 and 13.6% at 6 and 9 MAP, respectively. The 
combined treatment proved to be the second best that increased the value by 6.9 
and.5% at 6 and 9 MAP, respectively (Table 8). 
Table 5. Effect of irradiated sodium alginate and/or methyl jasmonate on Shoot 
Dry Weight (g) of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA40 mgL'' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
9.60 
9.80 
11.50 
8.40 
10.20 
0.980 
9 MAS 
10.40 
10.92 
12.40 
8.80 
11.20 
0.822 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 6. Effect of irradiated sodium alginate and/or methyl jasmonate on Root Dry 
Weight (g) of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (/7<0.05) 
6 MAS 
2.20 
2.30 
3.57 
1.85 
3.10 
0.272 
9 MAS 
2.45 
2.60 
3.82 
2.15 
3.28 
0.203 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Table 7.Effect of irradiated sodium alginate and/or methyl jasmonate on Number of 
Leaves of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mgU' 
ISA 80 mg L"' 
Me J A 40 mgU' 
ISA 80 mg L"' + MeJA 40 mg L'' 
LSD O<0.05) 
6 MAS 
49.00 
50.00 
56.00 
42.00 
53.00 
2.716 
9 MAS 
63.00 
61.00 
72.00 
54.00 
67.00 
3.484 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 8. Effect of irradiated sodium alginate and/or methyl jasmonate on 
Average Leaf Area (cm )^ of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L"' 
ISA 80 mg L'' 
MeJA 40 mgL"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
11.65 
11.53 
12.82 
10.41 
12.46 
0.1362 
9 MAS 
10.45 
10.48 
11.87 
9.59 
11.23 
0.0963 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
Me.lA: Methyl jasmonate. The data shown are means of three replicates. 
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Leaf area index (LAI) 
At both the growth stages, appHcation of ISA 80 mg L"' enhanced the leaf area index 
per plant to the maximum extent. It improved the LAI by 40.3 and 41.3% over the 
control at 6 and 9 MAP, respectively. MeJA 40 mg L"' gave the lowest value 
continually. The combined treatment augmented the LAI to the next extent, 
surpassing the control by 27.3 and 25.9% at 6 and 9 MAP, respectively (Table 9). 
Leaf fresh weight 
Treatment ISA 80 mg L"' was the best one that augmented the leaf fresh weight by 
27.2 and 26.3% at 6 and 9 MAP, respectively. The lowest weight of the fresh leaves 
was noted in MeJA 40 mg L'' as well as in the control at both the growth stages. The 
combined treatment was at par with ISA 80 mg L'' at both the growth stages, 
exceeding the control by 15.4 and 10.6% at 6 and 9 MAP, respectively (Table 10). 
Leaf dry weight 
As compared to the control, the leaf dry weight increased to the maximum extent 
due to ISA 80 mg L"', which outshined the control by 11.2 and 20.7% at 6 and 9 
MAP, respectively. The combined treatment equaled the ISA treatment (ISA 80 mg 
L') at 6 MAP, while it was the next paramount treatment at 9 MAP. It exceeded the 
control by 15.6% at 9 MAP. Treatment MeJA 40 mg L'' gave the poorest values for 
this parameter too (Table 11). 
Biochemical parameters 
The biochemical parameters, namely, total chlorophyll and carotenoids contents, 
activity of nitrate reductase and carbonic anhydrase and the contents of leaf nitrogen, 
phosphorus and potassium, studied at 6 and 9 MAP, were observed to be increased 
significantly by the foliar application of ISA 80 mg L'' and by the combined 
treatment (IAS 80 mg L"' + MeJA 40 mg L'') as well. However, the application of 
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MeJA 40 mg L' reduced the biochemical parameter when sprayed alone. The details 
are as follows. 
Table 9.Effect of irradiated sodium alginate and/or methyl jasmonate on Leaf 
Area Index (LAI) of Catharanthus roseus L. at 6 and 9 months after sowing 
(MAS). 
S.No. 
1. 
2. 
J . 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L"' 
ISA 80 mg L-' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
10.10 
10.10 
14.17 
9.38 
12.86 
0.085 
9 MAS 
11.30 
11.40 
15.97 
10.40 
14.23 
0.218 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table lO.Effect of irradiated sodium alginate and/or methyl jasmonate on Leaf 
Fresh Weight (g) of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatment 
CONTROL (DIW 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mgL"' 
ISA 80 mg U' + MeJA 40 mg L'' 
LSD ip<0.05) 
6 MAP 
19.50 
17.52 
24.81 
18.89 
22.50 
3.19 
9 MAP 
18.80 
19.83 
23.75 
18.21 
20.80a 
4.03 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Table 11.Effect of irradiated sodium alginate and/or methyl jasmonate on Leaf Dry 
Weight (g) of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatment 
CONTROL (DIW 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA40 mgU' 
ISA 80 mg L'' + MeJA 40 mg L"' 
LSD (/7<0.05) 
6 MAP 
3.74 
3.67 
4.16 
3.84 
4.06 
0.27 
9 MAP 
3.58 
3.60 
4.32 
3.79 
4.14 
0.07 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 12. Effect of irradiated sodium alginate and/or methyl jasmonate on total 
Leaf Chlorophyll Content (mg g"' FW) of Catharanthus roseus L. at 6 and 9 
months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L'' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L'' 
LSD (p<0.05) 
6 MAS 
1.22 
1.27 
1.45 
1.14 
1.36 
0.094 
9 MAS 
1.08 
1.10 
1.32 
1.00 
1.20 
0.117 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Leaf chlorophyll content 
ISA, applied at 80 mg L"' concentration on plant foliage, gave maximum total leaf 
chlorophyll content at both the growth stages; it exceeded the control by 18.8 and 
22.2% at 6 and 9 MAP, respectively. The next paramount treatment was the 
combined one, which equaled ISA 80 mg L"' at 9 MAP, while giving the second best 
value at 6 MAP. Escalation in chlorophyll content by the combined treatment was 
11.5% at 6 MAP; while at 9 MAP, it was statistically equal to the control. 
Treatment MeJA 40 mg L"' resulted in the least amount of chlorophyll content 
(Table 12). 
Leaf carotenoids content 
Total leaf carotenoids content was increased by ISA 80 mg L"' maximally at both the 
growth stages, while the lowest value was perpetually recorded due to MeJA 40 mg 
L"'. Compared with the control, ISA 80 mg L"' increased the leaf carotenoids content 
by 18.7 and 19.1%) at 6 and 9 MAP, respectively. The combination of ISA and 
MeJA was the next upgrading treatment, but the differences between the combined 
treatment, MeJA 40 mg L"' and the control were not significant at 6 MAP. 
Compared to the control, the combined treatment improved the leaf carotenoids 
content by 9.0% at 9 MAP (Table 13). 
Nitrate reductase (NR) activity 
Among the applied spray treatments, ISA 80 mg L"' proved to be the best for NR 
activity in the leaves, excelling the control by 12.0 and 15.8% at 6 and 9 MAP, 
respectively. The combined treatment proved to be the subsequent ameliorating one, 
which increased the NR activity by 7.2 and 10.8%, compared to the control, at 6 and 
9 MAP, respectively. Treatment MeJA 40 mg L'' resulted in the lowest enzyme 
activity at both the growth stages (Table 14). 
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Table 13.Effect of irradiated sodium alginate and/or methyl jasmonate on total Leaf 
Carotenoids Content (mg lOOg'' FW) of Catharanthus roseus L. at 6 and 9 months 
after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L-' 
ISA 80 mg L"' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (/7<0.05) 
6 MAP 
19.8 
20.8 
23.5 
18.8 
20.8 
1.300 
9 MAP 
17.8 
17.3 
21.2 
16.9 
19.4 
0.910 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
iVIeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 14. Effect of irradiated sodium alginate and/or methyl jasmonate on Nitrate 
Reductase (NR) Activity (nM NO2" g"' FW h"') of Catharanthm roseus, L. at 6 
and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L-' 
ISA 80 mg L'' 
MeJA 40 mgL'' 
ISA 80 mg L"' + MeJA 40 mg L'' 
LSD (p<0.05) 
6 MAS 
246.80 
243.30 
276.50 
230.80 
264.60 
4.23 
9 MAS 
234.60 
236.20 
271.80 
216.70 
260.00 
2.37 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Carbonic anhydrase activity 
Among the various treatments applied, ISA 80 mg L"' registered the highest activity 
of carbonic anhydrase enzyme in the leaves. This treatment accelerated the enzyme 
activity by 9.2 and 6.4% at 6 and 9 MAP, respectively. It was followed by the 
combined treatment, which improved the CA activity by 6.1% at 6 MAP; while at 9 
MAP, the combined treatment was statistically equal to the control. Treatment MeJA 
40 mg L"' gave the lowest values at both the stages (Table 15). 
Leaf nitrogen content 
An increase of 8.1 and 6.9% in leaf nitrogen content was noted as compared to the 
control due to foliar application of ISA at 80 mg L'' at 6 MAP and 9 MAP, 
respectively. As per leaf-N values, the next upgrading treatment was the combined 
treatment; however, it was statistically equal to the control at both the growth stages. 
The minimal leaf-N content was recorded due to MeJA 40 mg L'', characteristically 
(Table 16). 
Leaf phosphorus content 
Treatment ISA 80 mg L"' proved superior to all other treatments applied regarding 
leaf-P content, escalating the control by 16.7 and 23.8%) at 6 and 9 MAP, 
respectively. Next in progress was the combined treatment, which resulted in an 
increase of leaf-P content by 10.0 and 14.3%), over the control, at 6 and 9 MAP, 
respectively. The lowest leaf-P content was recorded due to MeJA 40 mg L" 
(Table 17). 
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Table 15. Effect of irradiated sodium alginate and/or methyl jasmonate on Carbonic 
Anhydrase (CA) activity (mol CO2 kg'' FW s'')of Catharanthus roseus L. at 6 and 9 
months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg L"' 
ISA 80 mg L-' 
MeJA40 mgL"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
4.90 
4.92 
5.35 
4.60 
5.20 
0.21 
9 MAS 
4.71 
4.70 
5.00 
4.40 
4.75 
0.04 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 16.Effect of iiTadiated sodium alginate and/or methyl jasmonate on Leaf 
Nitrogen Content (g lOOg"' DW) of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL(DIW) 
USA 80 mg U' 
ISA 80 mg L"' 
MeJA 40 mg L'' 
ISA 80 mgL"' + MeJA40 mgL"' 
LSD (p<0.05) 
6 MAS 
3.32 
3.30 
3.59 
2.88 
3.35 
0.060 
9 MAS 
2.17 
2.19 
2.32 
1.89 
2.20 
0.106 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Table IV.Effect of irradiated sodium alginate and/or methyl jasmonate on Leaf 
Phosphorus Content (g lOOg DW) of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA40 mgL"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
0.30 
0.31 
0.35 
0.25 
0.33 
0.018 
9 MAS 
0.21 
0.22 
0.26 
0.17 
0.24 
0.022 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table IS.Effect of irradiated sodium alginate and/or methyl jasmonate on Leaf 
Potassium Content (g lOOg DW) of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mg L'' 
ISA 80 mg L"'+MeJA 40 mg L'' 
LSD (p<0.05) 
6 MAS 
3.30 
3.31 
3.48 
3.14 
3.40 
0.02 
9 MAS 
2.83 
2.84 
3.10 
2.67 
2.95 
0.02 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Leaf potassium content 
Leaf potassium content was increased by 5.4 and 9.5% at 6 and 9 MAP, respectively, 
as a result of foliar spray of ISA 80 mg L"', which proved to be the optimum 
treatment. Next to it was the combined treatment, which excelled the control by 3.0 
and 4.2% at 6 and 9 MAP, respectively. Contrarily, treatment MeJA 40 mg L'' 
resulted in the minimal leaf-K content at both growth stages (Table 18). 
Yield and quality attributes 
All the parameters related to yield and quality of C roseus (content and yield of total 
alkaloids and those of Vincristine and Vinblastine alkaloids) were affected 
significantly by the treatments applied both at 6 and 9 MAP. The data are described 
below (Tables 19-24). 
Leaf alkaloid content 
Compared to the control, all the treatments significantly increased the total content 
of alkaloids in the leaves. Of the spray-treatments, the combined treatment gave the 
highest alkaloid content in dried leaves both at 6 and 9 MAP, exceeding the control 
by 33.8 and 36.6%) at 6 and 9 MAP, respectively. It was subsequently followed by 
MeJA 40 mg L'' and ISA 80 mg L"' (in that order), while the control gave the lowest 
values at both the growth stages (Table 19). 
Leaf alkaloid yield per plant 
All the treatments significantly increased the total alkaloid yield in the leaves as 
compared with the control. The combined treatment proved superior when compared 
with other treatments regarding total yield of alkaloids in the plant, surpassing the 
control by 41.7 and 58.0% at 6 and 9 MAP, respectively. Next to the combined 
treatment were MeJA 40 mg L"' and ISA 80 mg L"' in that order. The control 
treatment resulted into the lowest values at both the growth stages (Table 20). 
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Table 19.Effect of irradiated sodium alginate and/or methyl jasmonate on total Leaf 
Alkaloids Content (mg g"') of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mg L"' 
ISA 80 mg L'' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
7.7 
7.9 
8.5 
9.5 
10.3 
0.472 
9 MAS 
7.1 
7.3 
7.9 
9.2 
9.7 
0.395 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 20.Effect of irradiated sodium alginate and/or methyl jasmonate on Alkaloids 
Yield (mg plant') of Catharanthus roseus L. at 6 and 9 months after sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mg L"' 
ISA 80 mg U' + MeJA 40 mg U' 
LSD (p<0.05) 
6 MAS 
28.80 
29.55 
35.36 
36.48 
41.82 
2.100 
9 MAS 
25.42 
26.28 
34.13 
34.87 
40.16 
1.288 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
67 
Vincristine content 
Compared to the control, all the treatments significantly increased the content of 
Vincristine (anticancer alkaloid) in the leaves. The combined treatment 
(ISA 80 mg L" + MeJA 40 mg L"')proved to be most superior one compared with 
other treatments, outshining the control by 46.7 and 42.8% at 6 and 9 MAP, 
respectively. It was followed by ISA 80 mg L"' and MeJA 40 mg L"', in 
subsequence. The control gave the lowest leaf Vincristine content at both the stages 
(Table 21). 
Vincristine yield 
All the treatments significantly increased the leaf Vincristine yield of the plant 
compared to the control. The combined treatment proved most beneficial as 
compared with other treatments with regard to leaf Vincristine yield per plant. It 
outyielded the control by 59.8 and 66.0% at 6 and 9 MAP, respectively. The 
subsequent ameliorating treatments were MeJA 40 mg L"' and ISA 80 mg L"' (in that 
order) at 6 MAP, while at 9 MAP, the sequence was reverse (ISA 80 mg L"' and 
MeJA 40 mg L''). The control treatment gave the lowest values at both the growth 
stages (Table 22). 
Vinblastine content 
Compared to the control, all the applied treatments increased the leaf the content of 
Vinblastine (anticancer alkaloid) in the leaves significantly. The data revealed that 
the combined treatment (ISA 80 mg L'' + MeJA 40 mg L'') resulted into the highest 
leaf Vinblastine content, exceeding the control by 24.6 and 21.0% at 6 and 9 MAP, 
respectively. Subsequently, MeJA 40 mg U' and ISA 80 mg U' gave the next higher 
values. The control treatment gave the lowest value at both the stages of growth 
(Table 23). 
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Table 21.Effect of irradiated sodium alginate and/or methyl jasmonate on leaf 
Vincristine Content (mg kg") of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L'' 
ISA 80 mg L'' 
MeJA 40 mg L'' 
ISA 80 mg L'' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
30 
29 
35 
40 
44 
1.700 
9 MAS 
28 
29 
33 
37 
40 
1.684 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
Table 22.Effect of irradiated sodium alginate and/or methyl jasmonate on leaf 
Vincristine Yield (|ig plant'') of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (p<0.05) 
6 MAS 
112 
108 
146 
154 
179 
2.855 
9 MAS 
100 
104 
143 
140 
166 
1.518 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA; Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Table 23.Effect of irradiated sodium alginate and/or methyl jasmonate on leaf 
Vinblastine Content (mg kg"') of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 mg L"' 
ISA 80 mg L"' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD O9<0.05) 
6 MAS 
191 
193 
220 
224 
238 
3.836 
9 MAS 
190 
192 
208 
217 
230 
3.497 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. Tiie data siiown are means of three replicates. 
Table 24.Effect of irradiated sodium alginate and/or methyl jasmonate on 
Vinblastine Yield (^ ig planf') of Catharanthus roseus L. at 6 and 9 months after 
sowing (MAS). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Treatments 
CONTROL (DIW) 
USA 80 rng L"' 
ISA 80 mg L'' 
MeJA 40 mg L"' 
ISA 80 mg L"' + MeJA 40 mg L"' 
LSD (/7<0.05) 
6 MAS 
714 
722 
915 
860 
966 
8.375 
9 MAS 
680 
684 
899 
822 
952 
5.087 
DIW: De-ionized water; USA: Un-irradiated sodium alginate; ISA: Irradiated sodium alginate; 
MeJA: Methyl jasmonate. The data shown are means of three replicates. 
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Vinblastine yield 
All the treatments exerted significant effect on Vinblastine yield of the plant as 
compared with the control. The combined treatment proved most advantageous as 
compared with other treatments in terms of leaf Vincristine yield per plant. It 
surpassed the control by 35.3 and 40.0% at 6 and 9 MAP, respectively. The next 
ameliorating treatment was ISA 80 mg L"', which was followed by MeJA 40 mg L"' 
at both the growth stages. The control treatment gave the lowest yield of Vinblastine 
alkaloid both at 6 and 9 MAP (Table 24). 
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CHAPTER 5 
DISCUSSION 
Madagascar periwinkle {Calharanlhus roseus L.) is a well known medicinal plant 
that contains antineoplastic (anticancer/antitumour) alkaloids, namely, Vincristine 
and Vinblastine. The biosynthesis of these alkaloids is governed by diverse bio-
molecules including signalling molecules, plant grovW:h regulators (PGRs) and other 
factors (Zhou et al., 2010). The following text presents the discussion about the 
possible effect of foliar application of irradiated sodium alginate (ISA) and methyl 
jasmonate (MeJA), applied alone or in combination, on the growth characteristics, 
physiological and biochemical parameters and the yield and quality attributes of 
Catharanthus roseus. The subject is discussed below parameters-wise. 
Growth parameters 
Cell division, enlargement and differentiation are the major processes that determine 
the magnitude and quality of plant growth and productivity. These processes are 
affected by various internal and external factors including (a) supply and absorption 
of nutrients, which have critical importance in cell metabolism and (b) involvement 
of phytohormones/PGRs for maintaining vigorous growth and efficient source-sink 
relationship (Patel and Golakia, 1988). PGRs are known to get involved in plant 
growth and development through the modification of gene transcription and/or 
translation as per differential sensitivity of tissues. The present study revealed that 
the ISA behaved as PGR and significantly (p<0.05) improved the growth 
performance of the plant at both the growth stages (6 and 9 MAP). In this study, the 
ISA significantly increased the plant growth parameters, namely, shoot and root 
length, leaf-number, average leaf area, and fresh and dry weight of shoot, root and 
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leaves. With all the spray-treatments,the higher values were recorded mostly at later 
growth stage (9MAP), which was obviously because of a higher magnitude of 
growth with more grown up plants. Recently, ISA induced growth responses were 
observed in Mentha (Naeem et al., 2011), fennel (Sarfaraz et al., 2011; Idrees et al., 
2012), Catharanthus roseus (Idrees et al., 2011) and Eucalyptus (Akbar et al., 2014), 
which support the present results. These results are also in agreement with those 
of Hien et al., (2000) who reported that gamma-irradiated SA, applied at a 
concentration of 20 to 100 mgL'', promoted the productivity of tea {Camellia 
sinensis), carrot (Daucus carota), cabbage (Brassica oleracea ) , rice {Oryza sativa), 
barley {Hordeum vulgare) and peanut (Arachis hypogaea) during the field studies. 
The Similar findings were reported by Idrees et al., (2011), Hashmi et al., (2012) and 
Aftab et al, (2013) regarding different medicinal plants. The ISA-mediated increase 
in groMh was suggested due to the enhanced biological activity in plants (Luan et 
al., 2003) as a result of growth signaling cascades caused by biologically active 
ohgosaccharides of ISA (Albersheim and Darvill, 1985). 
Researches regarding the action mechanism of saccharides/oligomers as 
membrane signaling molecules, is in its infancy; nonetheless, it is possible that 
irradiated products (the oligosaccharides) affect the cell wall cross linking and redox 
signaling to induce cell expansion and cell division in favor of plant growth. The 
oligosaccharides came into existence due to de-polymerization of sodium alginate 
by its radiation-processing using gamma rays. As argued by El-Rehim (2006), the 
low molecular-weight oligosaccharides were, presumably, absorbed by plants and 
acted as growth promoter, which might result in the increase in physiological and 
biochemical activity in plants, leading to enhancement in growth and productivity 
attributes of plants. The significant increase in physiological and biochemical 
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parameters noted in the present investigation (Tables 12-18) might be presented as 
supporting evidence in this regard. Another support to the presented data could be 
the observations of Mollah et al., (2009), who maintained that the ISA might have 
growth promoting activities like other PGRs and could act as a bio-fertilizer. Apart 
from other growth parameters, the ISA application enhanced the average leaf-area, 
which could, observably, provide increased opportunity for light harvesting that 
ultimately could manifest itself in significantly enhanced dry matter compared to the 
control (Table 5, 6 and 11). In fact, the oligomers, produced by depolymerisation of 
alginates, have been reported to have triggered the stimulation of growth, promotion 
of germination and shoot elongation in various plants (Natsume et al., 1994; 
Tomoda et al, 1994; Nagasawa et al., 2000; Aftab et al., 2011, Khan et al., 2011, 
Sarfarazetal.,2011). 
Regarding methyl jasmonate (Me J A), h is well reported that Me J A 
negatively regulates the plant growth metabolism; hence, its application results in 
significant decrease in plant growth (Staswick., 1992; Swiatek et al, 2003; van Dam 
and Oomen., 2008; Yang et al, 2012). The inhibitory effect of MeJA on plant 
growth was also reported by Maksymiec and Krupa (2002) and Yang et al., (2012). 
In the present study too, MeJA significantly decreased all the growth parameters of 
Catharanthus roseus at both the growth stages (Tables I-11). It was argued that 
MeJA might suppress the cell division (Swiatek et al., 2003) and stomatal 
conductance (Hossain et al., 2011) with the mediation of nitric oxide (Xin et al, 
2005) that might negatively regulate the photosynthesis (Maksymiec and Krupa, 
2002) and, thereby, might have decreased the plant growth attributes in the present 
experiment, including the fresh and dry weight of plant. 
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In the present investigation, ISA produced the best results, followed by those 
produced by the combined application of ISA and IVIeJA, while the MeJA gave the 
lowest values almost invariably at both the growth stages (Tables 1-11). Therefore, 
the combined application of ISA and MeJA produced different results from what 
they produced when they were applied alone. Most probably, action of ISA was not 
much inhibited by MeJA as might be expected true regarding the endogenous Auxin. 
Accordingly, the growth results appeared in line with the respective action of ISA 
and MeJA exerted individually. 
Leaf nutrient contents 
Contents of leaf-N, -P and -K in Catharanthus plants were increased by the 
application of ISA and by the combined treatment (ISA + MeJA), while it 
decreased significantly when MeJA was applied alone as compared to the control 
(Tables 16-18). In this context, the ISA seems to induce the root-mediated 
absorption and assimilation of soil mineral solution as argued by Idrees et al., (2011) 
and Aftab et al, (2011). Though the direct involvement of ISA regarding N, P and K 
utilization in plant has scant reports, it appears that downstream signals of ISA 
interacted with auxin (Ferrari et al, 2013) to regulate the root growth for the uptake 
of mineral nutrients (Swiatek et al., 2003). ISA might increase the membrane 
permeability as generally noted in the case of plant growth regulators like GA3 
(Wood and Paleg, 1972; Crozier and Turnbull, 1984; Al-Wakeel et al., 1995) in 
order to facilitate the uptake of nutrients through the root as suggested by Ansari 
(1996) and Khan et al., (1998). This would also contribute toward enhancing the 
capacity of biomass production by plants as reflected by the increase in fresh and 
dry weights of plants in the present investigation (Tables 3-6). In contrast, the 
Jasmonic acid has been reported to negatively regulate the root growth and root hair 
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formation, resulting into reduced growth attributes (Ruiz-May et al., 2011). 
Jasmonic acid receptors compete for downstream signals of auxins (Wang and 
Irving, 2011; Dar et al., 2014) that is another reason for reduced growth on account 
of MeJA. Jasmonic acid promotes the polyamine biosynthesis (Walters et al., 2002; 
Zhang et al., 2013), which shares the intermediate S-Adenosyl Methionine (SAM) 
and integral part of ethylene biosynthesis from its precursor methionine (Peremarti, 
2010; Huot et al., 2014). This suggests antagonistic results of MeJA with ISA, 
which is also clear from the results of present experiment as the MeJA + ISA 
application resulted in the lower leaf-N, -P and -K level as compared to the plants 
treated with ISA alone. Accordingly, application of MeJA alone decreased the leaf-
N, -P and -K level as compared to controls at both the stages of growth 
(Tables 16-18); these results are in conformity with those of Rahman (2014) noted in 
mustard. 
Enzyme activities 
Activities of the key enzymes regarding the metabolism of nitrogen (nitrate 
reductase) and carbon (carbonic anhydrase) depend upon a number of factors in 
which substrate availability is of prime importance. Nitrate reductase is key 
regulator of nitrogen metabolism and, hence, of plant growth and development (Taiz 
and Zeiger, 2006). There was significant improvement in NR activity at both the 
stages of sampling due to ISA application compared with the control (Table 14). The 
increase in NR activity by ISA might be related to the increase in the uptake of 
nitrogen (Table 16) that might have possibly increased the nitrate concentration in 
leaves. The ISA has, accordingly, been shown to induce internal nitrate 
concentration and NR activity (Idrees et al., 2011; Idrees et al., 2012). The substrate 
(nitrate) concentration essentially induces functional NR (Hewitt and Afridi, 1959) 
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by producing a nitrate sensing protein of unknown nature that prestffliiWj^feW^s'to 
the regulatory region of NR-genes and to its transcript (NR-mRNA) and other 
regulator proteins involved in metabolic response (Scheible et al, 2004; Campbell 
1999, 2002). The results of the present study are concordant with those reported by 
Sarfaraz et al., (2011) in the case of fennel {Foeniculum vulgare). Khan et al., (2011) 
regarding opium poppy {Papaver somniferum), Qureshi (2010) and Jamsheer (2010) 
regarding beetroot (Beta vulgaris ). In this study, the MeJA might decrease the plant 
growth performance down-regulating the activity of NR and CA, which was shown 
in mustard by Rahman (2014). 
Carbonic anhydrase is an enzyme that plays several diverse roles in 
physiological processes such as ion exchange, acid-base balance, carboxylation/ 
decarboxylation reactions and inorganic carbon diffusion between the cell and its 
environment as well as within the cell (Badger and Price, 1994; Georgios et al., 
2004). Carbonic anhydrase is required in the cells for the Rubisco enzyme in the 
photosynthetic process, which is the main carbon dioxide fixing and rate limiting 
photosynthetic enzyme, regulating the synthesis of carbon compounds, which are 
transported to the sink organs and are utilized for sustaining plant growth and 
development. In the present study, carbonic anhydrase activity in Catharanthus 
roseus leaves was enhanced as a result of ISA application (Table 15). The ability of 
ISA to promote Rubisco activity and, thereby the yield, has been reported by 
Sarfaraz et al. (2011), Khan et al. (2011), Jamsheer (2010) and Qureshi (2010) for 
fennel, opium poppy and beetroot, respectively. In addition, the role of ISA in the 
activation of Rubisco and PEP carboxylase has also been documented 
(Tomoda et al., 1994; Aoyagi et al., 1996; Akimoto et al., 1999; Hien et al, 2000). 
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In this study, it appeared that the MeJA appHcation negatively regulated the 
NR and CA activity as against the ISA applied alone (Tables 14-15). Factually, the 
negative effect of JA on plant growth and hormones has been shown by other 
workers (Farmer et al., 1992; Staswick et al., 1992). In support of the present data, 
Seema et al. (2003) also noted an adverse effect of MeJA spray treatment on the 
activity of several enzymes in sugarcane seedlings, including that of NR. 
Photosynthetic pigments 
The total contents of chlorophyll and carotenoids (Table 12 and 13) of Cathamnthus 
increased with 80 mg L'' concentration of ISA. Chlorophyll content was increased 
both at 6 and 9 MAP by the application of ISA 80 mg L''. ISA treatment also 
increased the leaf carotenoids content at 6 as well as 9 MAP. In line with the present 
study, ISA application increased the total chlorophyll and carotenoids contents in the 
leaves of fennel (Sarfaraz et al, 2011), red Amaranthus (Mollah et al, 2009), opium 
poppy (Khan et al, 2011), wheat (Ma et al, 2010) and beetroot (Jamsheer, 2010; 
Qureshi, 2010). A promotive effect of ISA on chlorophyll content might perhaps be 
attributed to the ISA-increased leaf-N content that is one of the constituents of 
chlorophyll molecule. Moreover, ISA-enhanced leaf-nitrogen content (Table 16) 
could also contribute to the synthesis of amino acids, proteins and lipids that are 
structural compounds of the chloroplast (Badr and Fekry, 1998; Arisha and Bradisi, 
1999, Kutik et al, 1995). The increased content of photosynthetic pigments due to 
ISA application on leaves in this study could also be attributed to a possible increase 
in the number and size of chloroplast, the amount of chlorophyll per chloroplast and 
proper granna development as argued by Akimoto et al (1999). 
As against the ISA, MeJA decreased the photosynthetic pigments, 
particularly at 6 MAP (Tables 12-13), depicting its growth and metabolism 
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inhibitory effect. In this regard, Popova et al. (1989) discovered a decline in Rubisco 
activity and photosynthesis in barley as a result of MeJA application. Similarly, the 
present results are supported by the findings of Hristova and Popova, (2002) in 
barley and that of Jung (2004) in Arabidopsis thaliana, who observed an adverse 
effect of MeJA on chlorophyll content and net photosynthesis. However, in 
combination with ISA, MeJA could not inhibit the photosynthetic pigments to the 
extent that it did when was applied alone (Tables 12-13) owing to the strong positive 
effect of ISA on growth and metabolism of plants. 
Content and yield of alkaloids 
As compared to the control, the combined treatment (ISA 80 mg L"' + MeJA 40 mg 
L"'), followed by MeJA 40 mg L'' and ISA 80 mg L"', gave the highest leaf content 
of total alkaloids as well as that of Vincristine and Vinblastine both at 6 and 9 MAP 
(Tables 19, 21, 23). The combined treatment was the upmost, while MeJA 40 mg L'' 
gave the second best value for the yield of total alkaloids and that of Vincristine at 6 
MAP (Tables 20, 22). However, the second best spray-treatment was ISA 80 mg L' 
for the yield of Vinblastine both at 6 and 9 MAP (Table 24). 
Availability of mineral nutrients, as noted in the present study in terms of 
enhanced leaf-N, -P and -K contents (Tables 16-18), might promote the activity of 
enzymes (Tables 14-15) and boost up the primary and secondary metabolism, leading 
to acceleration of the plant growth and secondary metabolites production in 
Catharanthus roseus plants. As supported by the findings of several workers 
(Al-Wakeel et al., 1995; Ansari, 1996), presumably, in the present investigation, the 
ISA could induce the membrane permeability of root hairs for the efficient 
absorption and uptake of mineral nutrients by plants, which facilitated an efficient 
metabolism (Tables 14-15) and vigorous development of plant growth parameters 
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(Tables 1-11), leading to production of primary as well as secondary metabolites, 
including the various alkaloids. 
The experiment recorded a significant rise of alkaloid production with MeJA 
treatment (Tables 19-23). The effect of MeJA was even better than ISA. The present 
resuhs corroborate the findings of Aerts et al., (1994), who observed a 2-fold 
increase in alkaloids in Catharanthus roseus and Cinchona ledgeriana seedlings due 
to MeJA application. In support of the present data, Ruangsak and Dheeranupattana 
(2012) observed a significant increase in several Stemona kerrii alkaloids due to 
methyl jasmonate application. Sun et al., (2013) also observed the accumulation of 
main tropane alkaloids owing to MeJA application to liquid cultures of Datura 
stramonium hairy root. An increased production of alkaloid content in plants due to 
jasmonates has, infact, been reported by several workers (Aerts et al., 1994; 
Menke et al., 1999; Van der Fits and Memelink, 2000; Van der Fits et al., 2001; 
Ruiz-May et al., 2008), suggesting that increased level of alkaloid or of secondary 
metabolites could be due to elicitation of secondary metabolic pathway (mevalonic 
acid/malonic acid pathway) and those of the related proteins due to MeJA 
application (Ruiz-May et al., 2011). 
It is to be noted here that MeJA 40 mg L"' resuhed in the second best value 
for the content of total alkaloids as well as that of Vincristine and Vinblastine 
alkaloids. However, since the yield of the alkaloids was also dependent on the leaf 
dry matter, the Vincristine yield at 9 MAP and Vinblastine yield both at 6 and 
9 MAP recorded the second best value due to ISA 80 mg L"', which proved almost 
invariably the best spray treatment for the growth, physiological and biochemical 
parameters. 
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The combined treatment (ISA 80 mg L"' + MeJA 40 mg L'') proved better in 
comparison with ISA 80 mg L'' or MeJA 40 mg L"',applied alone, for alkaloid 
production at the two growth stages (Tables 9 and 20-24). Synergistic effect of the 
two compounds may be argued in this investigation, since the ISA 80 mg L'", 
proving the best for plant growth, and MeJA 40 mg L"', giving the best value for the 
contents of alkaloids, could cumulatively result in the highest content as well as 
yield of the total alkaloids and that of the anticancer alkaloids. Besides, the 
activation of octadecanoid pathway (related to jasmonic acid production) in plants 
treated due to ISA application has been indicated by Doares (1995). Hence, it might 
be suggested that mutual effect of ISA and MeJA synergistically triggered the 
secondary metabolic pathway for alkaloid production in this investigation; and that 
this combination could be utilized for commercial production of Catharanthus 
roseus alkaloids, including that of Vincristine and Vinblastine. 
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APPENDIX 
Preparation of reagents 
The reagents used to analysis the various biochemical parameters were 
prepared according to the following methods: 
1. Reagents for determination of chlorophyll and carotenoids content: 
(i) 80% acetone: 
80 mL of acetone was mixed in 20 mL of double distilled water 
(DDW). 
2. Reagents for NR activity: 
(i) Isopropanol (5%): 
5 mL isopropanol was mixed in 95 mL of DDW. 
(ii) Naphthylethylenediamine dihydrochloride (NED-HCL) solution 
(0.02%): 
20 mg naphthylethylenediamine dihydrochloride (NED-HCl) was 
100 mL with DDW. 
(iii) Phosphate buffer (O.IM) for pH 7: 
Solution a: 
13.6 g of potassium dihydrogen orthophosphate (KH2PO4) was 
dissolved in sufficient amount of DDW and final volume was made 
up to 1000 mL. 
Solution b: 
17.42 g dipotassium hydrogen orthophosphate was dissolved in 
sufficient DDW and final volume was made upto 1000 mL using 
DDW. 
160 mL of solutiona and 840 mL of solution bwas mixed for getting 
phosphate buffer pH 7.5. 
(iv) Potassium nitrate solution (0.02 M): 
2.02 g of potassium nitrate was dissolved in sufficient amount of 
DDW and final volume was made upto 1000 mL using DDW . 
(v) Sulphanilamide solution (1%): 
1 g sulphanilamide was dissolved in 3 N hydrochloric acid and final 
volume was made upto 100 mL using 3 N hydrochloric acid. 
3. Reagents for CA activity: 
(i) 0.2 M aqueous cystein solution 
48 g of cystein was dissolved in 1000 mL of DDW. 
(ii) Phosphate buffer of pH 6.8: 
5.365 g of Na2HP04 and 2.78 g of NaH2P04.2H20 were 
dissolved separately in 100 mL of DDW. The above solufion 
of Na2HP04 and NaH2P04.2H20 were mixed in the ratio of 
49.51. 
(iii) Sodium bicarbonate solution (0.2M) in 0.2 M sodium 
hydroxide solution: 
16.8 g sodium bicarbonate was dissolved in sodium hydrxide 
solufion (0.8 g NaOH/L) and final volume was maintained up 
to 1000 mL using sodium hydroxide solution. 
(iv) 0.002% bromothymol blue: 
0.002 g of bromothymol blue was dissolved in sufficient 
amount of DDW and final volume was made upto 100 mL 
using DDW. 
(v) 0.05 N hydrochloric acid: 
4.3 mL of pure hydrochloric acid was mixed with 5.7 mL 
DDW. 
(vi) Methyl red: 
A pinch of methyl red was dissolved in sufficient amount of 
ethanol and final volume was made 100 mL using ethanol. 
Reagents for leaf-NPK estimation: 
(i) Molybdic acid reagent (2.5%): 
6.25 g of ammonium molybdate was dissolved in 175 mL of 
distilled water; to which, 75 mL of 10 N-sulphuric acid was 
added. 
(ii) l-amio-2-naphthole-4-sulphuric acid: 
0.5 g of l-amio-2-naphthole-4-sulphuric acid was dissolved in 
195 mL of 15% sodium disulphide solution to which 5 mL of 
20% sodium sulphate solution was added. The solution was 
stored in amber colored bottle. 
(iii) Sodium hydroxide solution (2.5 N): 
100 g NaOH was dissolved in sufficient amount of DDW and 
the final volume was maintained up to 1000 mL using DDW. 
(iv) Sodium silicate solution (10%): 
10 g sodium silicate was dissolved in sufficient amount DDW 
and the final volume was maintained up to 100 mL using 
DDW. 
5. Reagents for Vincristine andVinblastine content: 
(i) 90% ethanol 
90 mL of ethanol was mixed with 10 mL of DDW. 
(ii) 3% hydrochloric acid 
3 mL hydrochloric acid was mixed in 97 mL of DDW. 
(iii) O.IM phosphate buffer of pH 5.8 
Solution a 
13.6 g of potassium dihydrogen orthophosphate was dissolved in 
sufficient amount of DDW and the final volume was made up to 1000 
mL using DDW. 
Solution b 
17.42 g of dipotassium hydrogen orthophosphate was dissolved in 
sufficient amount of DDW and the final volume was made up to 1000 
mL using DDW. 
915 mL of Solution aand 85 mL of Solution bwere mixed for getting 
phosphate buffer of pH 5.8. 
IV 
